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A CENTURY OF SERVICE TO ENGINEERS 


With the issue of this number we com- 
plete regular and almost continuous 
publication of this journal over a period 
of 100 years. There have been 5214 
Numbers. There should have been four 
more. But two issues were lost as a con- 
sequence of the General Strike in 1926 ; 
and in 1947—we still feel a shadow of 
resentment—the British Government 
achieved something that Hitler’s bombs 
not only failed to do, but which they 
would still have failed to do had our 
offices and the works of the printers both 
been reduced to rubble. In the spring of 
that year, at the Government’s behest, 
all technical and trade journals ceased 
publication for a fortnight. But though 
we might claim that it is to-day that we 
have completed serving the engineering 
industry for 100 years, January 4, 1956, 
is our real birthday. On that date—the 
exact centenary of the publication of the 
very first issue of THE ENGINEER—we 
shall send out to all regular readers and 
to a large number of engineers holding 
prominent positions as chairmen of firms, 
presidents of institutions, directors of 
establishments, and so on, copies of a 
fine Centenary Number that we have 
prepared. 

THE ENGINEER was founded at a time 


when there were few technical journals 
published in this country and little 
experience of how they should be run. It 
was created very largely, to judge by its 
earliest issues, to give publicity to the spate 
of inventions that were being patented in 
the ’fifties of last century. As near toa 
direct competitor as any, but directed 
to a rather different readership, was the 
Mechanic’s Magazine, founded in 1823, 
which flourishes as Mechanics to this 
day. Amongst other journals existing 
then and still going strong were The 
Journal of Commerce, founded 1826 ; 
the Mining Journal, founded 1835, and 
the Gas Journal, founded 1849. But 
none of these three really competed with 
it. What the main object of the journal 
was at that time is succinctly defined in a 
leading article during 1858. The job 
of THE ENGINEER was “to teach the young 
idea to shoot so as not to miss the mark 
which should be aimed at, namely, the 
utilization of inventions.” That un- 
doubtedly remains an object to this day. 
But the means of its expression have 
changed. For, from about 1865 onwards, 
a determined effort was made to re- 
orientate the editorial approach so that 
the actual products of engineering manu- 
facture, rather than patent specifications, 





should be described and illustrated. In 
addition, from about that date onwards 
three successive editors have managed to 
persuade eminent men to contribute from 
time to time to its pages. Amongst 
varied contributors to some of our issues 
there can be named Samuel Smiles, 
Professor Tyndall, Macquorn Rankine, 
Sir Oliver Lodge, Sir Leonard Hill, and 
Sir Harry Ricardo. But if a consistent 
editorial policy has been pursued there 
have been over the years steady changes 
in methods of editorial presentation. How 
astonishing it is to look at the pages of 
some of our earliest issues! Each page 
is packed with matter in closely spaced 
columns of small type usually without a 
cross-heading to break it and often unre- 
lieved by engravings. Did people really 
manage to read these columns ? Our 
correspondence columns provide the 
evidence that they did. For “ Letters to 
the Editor,” printed in what would now be . 
regarded as minute type, usually covered 
a page substantially larger than that of a 
modern issue and often overflowed into a 
second or even a third. Letter writers 
were fortunate eighty and ninety years ago. 
There were few mathematicians amongst 
engineers, and it is largely the mathema- 
ticians who have murdered correspon- 
dence ! They would certainly make short 
work to-day of many of the provocative 
opinions that could then be safely 
expressed ! Moreover, confusion between 
such entities as force and energy, mass 
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and inertia and even velocity and accelera- 
tion, persisted right up to the ’eighties 
and ‘nineties, permitting often sound 
opinions to be expressed in terms so 
ambiguous that they could easily be 
misinterpreted by others, correspondence 
naturally following. The days were 
spacious, too. People had plenty of 
time not only to compose long letters but 
to read three or four leaders set in a 
type so small as to repel a modern reader 
altogether. The changes over 100 years in 
presentation, though the journal has, in 
fact, altered so much in appearance as to 
be hardly recognisable to its founder, have 
been made on the whole so gradually that 
in looking through the volumes they are 
scarcely noticeable. The earliest copies 
looked, no doubt, very much like the daily 
papers of the day. A vestige of that make- 
up remains—the large page size, itself a 
reduction on the original still larger size, 
which was retained as late as 1941 and only 
reduced through paper shortage during 
the war. Another vestige disappeared 
only six months ago when a change was 
made to square-back binding, and as a 
consequence leading articles were placed 
at the front instead of the centre of each 
issue. It is a sign of our youthfulness and 
vitality that that change, possibly the 
most revolutionary in make-up in our 
history, occurred so lately. Even at 100 
years old we can abandon a tradition if 
it gets in the way ; though not without 
regret. Alas! In the ‘nineties a change 
was made that meant abandoning more 
than a tradition. At that time half-tone 
engravings of photographs replaced the 
older wood-cut engravings. There are 
gains in speed’ and accuracy of presenta- 
tion. But they hardly compensate for 
the loss in artistry, as anyone will dis- 
cover who looks through old volumes 
or examines some of the reproductions 
printed in our Centenary Number. 

How has it come about that a journal 
founded so long ago under conditions so 
very different from those ruling to-day 
should have survived for a century and 
retained over. the years the energy and 
eagerness of youth! It can only be that 
throughout its history it has been served 
by devoted men. Looking back into the 
records we find its history in all depart- 
ments rich in the names of people who 
gave it unstinted and life-long service. 
But perhaps a peculiar quality of con- 
tinuity has been conferred upon it by the 
unique association in its production of 
three generations each, of three unrelated 
families. Edward Healey, who founded 
the journal, and whose son succeeded 
him, and whose grandson is now chairman 
of the publishing company, placed the 
printing of it in the hands of Samuel 
Taylor, of Greystoke Place. Soon to 
‘ become manager of that firm was a young 
man named George Reveirs. Nearly 
twenty years later he bought up the firm 
and founded George Reveirs, Ltd., which 
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took over the printing of THE ENGINEER 
and has printed it, under three generations 
of the family, ever since. About ten 
years after the journal’s foundation 
Edward was, already for a third time, 
looking for an editor. His choice fell on 
a young Irishman, Vaughan Pendred. 
Though Edward could not know it he was 
setting up a dynasty. For the present 
editor sits in the chair from which his 
father, son of Vaughan Pendred, retired 
ten years ago. These three families—the 
Healeys, first as owners and, after the 
amalgamation of The Engineer, Ltd., with 
Morgan Brothers (Publishers), Ltd., as 
chairman ; the Pendreds as editors ; and 
the Reveirs as printers—have played a 
major, though far from the whole, part in 
building up and maintaining the fortunes 
of THE ENGINEER during the last 100 
years. Edward Healey, Vaughan Pendred 
and George Reveirs, like many other 
Victorians, built indeed a noble and 
enduring foundation for the work of their 
sons and grandsons. 


LONG RANGE ROCKET 

In the continual struggle between the 
offensive and defensive it is no easy matter 
to anticipate the day when existing 
offensive weapons will be rendered in- 
effective by the defence. High officials, 
both in Great Britain and the United 
States, who are concerned with the 
development of guided missiles, confi- 
dently predict that within the next fifteen 
to twenty years the bomber will have had 
its day and will have given place to 
some other form of long-range missile 
carrier. The United States Government 
seems to lend support to this view. It has 
now decided to make a substantial expan- 
sion in the rocket development pro- 
gramme and to place less emphasis on the 
output of aircraft. It may well be also 
that increased importance is attached to 
the unguided ballistic rocket. Until the 
hydrogen bomb age, the ballistic rocket 
with a trajectory far into the stratosphere 
seemed to have little value as a decisive 
weapon. But accuracy becomes of less 
importance with a thermo-nuclear war- 
head. The development of guided 
missiles in America has ‘indeed been 
startling. Over 1000 million dollars 
annually have been spent on them for 
the past five years, and although the 
greater part of this expenditure has 
been devoted to the anti-aircraft missile, 
the United States has had over thirty 
different missiles of various types— 
offensive as well as defensive-—under 
development. All three Fighting Services 
are equipped with anti-aircraft guided 
missiles ; the Army has the “ Nike,” the 
Navy the “ Terrier,” and both naval and 
air force fighters have been equipped 
with the “Sparrow” or the “ Falcon.” 
The “‘ Corporal ”—a long-range artillery 
weapon—is now being tried out in both the 
United States and British armies. 
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As a result of the new policy it may be 
anticipated that in future there will be a 
concentration of effort on long and 
medium-range offensive missiles. There 
are three types of inter-continental 
missiles under development in America— 
the ballistic rocket “Atlas” and the 
guided missiles “‘ Navaho,” powered by a 
ramjet, and “Snark,” with a turbojet 
engine. Pending the design of a com- 
puter which can obtain its navigational 
data from the stars, there seems no hope 
of guiding the ‘*‘ Atlas” or other rockets 
of the V-2 type. But with missiles powered 
by air breathing engines with a trajectory 
within the atmosphere—below 120,000ft— 
the problem of guidancecan be and is being 
overcome, though an accuracy of 0°2 per 
cent. of the range, already achieved with 
the short-range anti-aircraft missile, is not 
yet in sight. Medium-range missiles of 
this type, with ranges of up to 500 miles, 
are already in service in the United States 
Armed Forces, the “ Regulus” for use 
by surface ships and submarines, and the 
“Matador” for launching from the 
ground or from a parent piloted bomber. 
They are large missiles and depend for 
their immunity from anti-aircraft measures 
on their high speed. Here again the 
Americans are taking the lead in being the 
first to build an aircraft to investigate the 
mysteries of the “thermal barrier,” at 
speeds of 1500 miles an hour and upwards. 
Beyond Mach 2 the structural designer 
faces many new problems such as thermal 
stresses and deteriorating physical pro- 
perties of materials. 

Reliable information of Soviet progress 
is inevitably scarce. There is, however, 
evidence that the Russians have developed 
a two-stage guided rocket with a range of 
2000 miles, in addition to building up a 
large number of ballistic rockets of the 
V-2 type. In any event, Russia has had 
the benefit of German equipment, “ know- 
how ” and expert technicians, and there is 
no reason to assume that she is far behind 
the United States in the development of 
long-range rockets and guided missiles. 
Britain started late—when Communist 
aggression in Korea made rearmament 
imperafive ; and since then there has 
been little authoritative information of 
our progress. A production order has 
been given for an air-to-air missile and 
within the next twelve months a ship-to- 
air missile is to be tested out in a main- 
tenance vessel now being equipped for the 
purpose. There is, however, as yet no 
sign of any plan for a co-ordinated system 
of anti-aircraft defence for the homeland. 
Our resources are limited and it is no 
doubt essential to ensure that they are not 
expended on missiles which will not meet 
our requirements. But the rocket era is 
now in sight and unless there is a consider- 
able speed-up in our guided missile 
programme an effective defence against 
bomber attack may well not be available 
during the period it is required. 
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THE ENGINEER 


A Seven Day Journal 


A Centenary Dinner 


On Tuesday evening, December 20th, 
the editor of THE ENGINEER had the 
pleasure of entertaining to dinner at the 
Savoy Hotel, London, a party of sixty 
editors of technical journals dealing with 
matters coming within the field covered by 
THE ENGINEER. The dinner was in celebration 
of our forthcoming centenary, and all the 
journals represented have themselves been 
in existence for twenty-five years and more. 
Seven of those who had accepted invitations 
were, at the last moment, regrettably unable 
to attend. The proceedings, under the 
chairmanship of Mr. B. W. Pendred, were 
quite informal, though there were two 
“ official” toasts. The first was a toast to 
THE ENGINEER, which was graciously and 
wittily proposed by Mr. F. B. Roberts, the 
editor of our contemporary, Engineering. 
Acknowledgment was made by Mr. Pendred, 
who then proposed a toast to four jour- 
nals which are older than THE ENGINEER. 
A response on their behalf-was made by Mr. 
A. R. Peers, editor of Mechanics. 


London Airport Central Terminal Area 


HER MAJESTY THE QUEEN inaugurated the 
Central Terminal Area of London Airport on 
Friday, December 16th. The ceremony 
marks the completion of the third of the 
group of buildings in the diamond-shaped 
central terminal area. The new building 
occupies the eastern apex of this area and 
will accommodate aviation staff and will be 
open to visitors to watch the flying. The 
building has a terraced roof garden with a 
panoramic view of the airfield, an exhibition 
hall, a general post office, a new cinema, a 
lecture hall, a grill room and buffets. Other 
parts of the building, which will meet the 
needs of the operational staff of airline com- 
panies and of the airport’s meteorological 
staff, will not communicate with the public 
rooms and will be entered by two side 
doorways. There will be two floors and a 
mezzanine above the ground floor. It may 
be recalled that earlier this year the first 
two buildings were brought into operation. 
We described in THE ENGINEER of April Ist, 
8th and 15th last the installation at the 
central area, with particular emphasis on the 
unusually comprehensive system of sur- 
veillance and navigational aids for aircraft 
using the airport. 


Technical Education 


BEFORE Parliament rose for the Christmas 
recess last week, the Prime Minister, Sir 
Anthony Eden, answered some questions 
on the subject of technical education. 
In the questions there was reference to Sir 
Winston Churchill’s recent observation that 
this country was behind Russia in technical 
education. The Prime Minister was asked 
if he would appoint a committee of inquiry 
into all aspects of scientific, technological 
and technical training, in view of the growing 
demands of industry. In his reply, the Prime 
Minister said that the Government was 
determined to make a big advance in the 
sphere of technical education ; he did not 
think a committee of inquiry would help. 
Last year, the Prime Minister added, about 
£4,500,000 was spent on improvements 
concerned with technical education, this 
year the expenditure would amount to 
£7,000,000, and next year to £9,000,000. 
As to the contracts placed for technical 
colleges in this country, in 1946-47 there 





were none, in 1948-49 the contract value 
was £222,000, in 1950-51 it was £874,000, 
in 1952-53 it was £3,307,000, and last year 
just under £7,000,000. Another question, 
which was addressed to the Chancellor of 
the Exchequer, asked how many vacant 
places there were this session in the engineer- 
ing faculties of the universities. In a written 
reply, the Chancellor explained that there 
was no fixed number of places in university 
departments. In the autumn term of this 
year there were 7436 full-time students in 
university departments of engineering, an 
increase of 698, or just over 10 per cent, on 
the corresponding figure for 1954. There 
were, however, the reply stated, some depart- 
men‘s in which more students could be 
accommodated if duly qualified applicants 
were forthcoming. 


Grant for Road Development in Nigeria 


THe Government has granted the Govern- 
ment of the Federation of Nigeria £1,500,000 
from Colonial development and welfare 
funds for improving and extending the 
federal trunk road system of Nigeria, which 
consists of over a sixth of the total of 32,000 
miles of roads. This is the largest grant ever 
approved under the Colonial Development 
and Welfare Acts. The main arterial network 
comprises the roads of international and inter- 
regional importance and is the responsibility 
of the Federal Government. Traffic has 
doubled over the last five years, but less than 
half of the mileage of the heavily travelled 
Federal trunk roads is satisfactorily surfaced, 
despite intense development sinee the war. 
The existing road rehabilitation and con- 
struction programme, which covers all parts 
of Nigeria, will be completed with half of the 
grant and major construction projects will 
be undertaken to improve the links between 
the rest of the country and the Northern and 
Southern Cameroons. A special programme 
of bituminous surfacing of Federal trunk 
roads in all three regions will be undertaken 
and it is expected that over 150 miles of road 
will be surfaced within a year. 


Training of Chemical Engineering Student 
Apprentices 


IN response to inquiries for guidance on 
the practical training of those entering the 
profession of chemical engineering through 
apprenticeship schemes the Institution of 
Chemical Engineers has prepared a note 
concerning this matter. The note does not 
lay down rules, but is meant to be a guide 
intended to be read and adjusted to local 
conditions. It is pointed out in the note 
that a student apprenticeship offers an 
alternative to the university route to pro- 
fessional status and lasts for five years or a 
shorter period, as may be appropriate. 
Apprentices have the opportunity of obtain- 
ing a higher national certificate (with endorse- 
ments), a recognised college diploma or an 
external university degree, all of which 
normally carry exemption from most of the 
examinations of the Institution. The object 
of the scheme is to produce an all-round 
engineer rather than a specialist, and it is 
suggested that the apprentice gains experi- 
ence in works where the process plant is 
designed and built and in chemical works 
where such plant is operated and maintained. 
The note emphasises that apprentices should 
gain experience in design, construction, 
operation and maintenance of plant, and 
that plant manufacturers should make the 
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necessary arrangements. Participation in the 
erection and starting up of new work is 
recognised as partly fulfilling the conditions 
laid down for training. A standard syllabus 
is considered to be neither desirable nor 
feasible, but a scheme is put forward as a 
general guide and refers to a part-time day 
release apprenticeship covering a period of 
five years. The guide divides the training 
into eight separate sections and links each 
with a period of months and recommends 
that for sandwich course students the periods 
should be halved and that the times suggested 
should be adjusted to the particular college 
course attended by the student. 


Institute of Metals 


THE Council of the Institute of Metals has 
announced the award of the Platinum Medal 
for 1956 to Professor G. L. Chaudron, of 
La Sorbonne, in recognition of his “ out- 
standing contributions to knowledge, particu- 
larly in the field of the light metals, which 
have greatly benefited the metal industries.” 
The Rosenhain medal for 1956 has been 
awarded to Dr. Donald McLean, principal 
scientific officer in the metallurgy division 
of the National Physical Laboratory, in 
recognition of his outstanding contributions 
to knowledge in the field of physical metal- 
lurgy. The W. H. A. Robertson medal and 
premium for 1955 have been awarded to Mr. 
E. J. Thackwell, of The Northern Aluminium 
Company, Ltd., for his paper entitled “‘ The 
Choice and Construction of Monolithic 
Linings for Twin-Bath Induction Furnaces 
for Melting Aluminium Alloys.” Another 
announcement from the Institute says that 
the metallurgical engineering committee is 
arranging an all-day informal discussion, on 
Friday, February 24th, on the subject of 
“Furnace Refractories for the Use of the 
Non-Ferrous Metal Industries.” This dis- 
cussion will be held at The University, 
Edgbaston, Birmingham, beginning at 10.30 
a.m. 


Mr. H. VY. Pointon 


WE have learned with regret of the death 
of Mr. Herbert Vincent Pointon, which 
occurred on December 14th, after many 
months of ill-health. Mr. Pointon was the 
managing director of ASEA Electric, Ltd., 
with which he had been actively associated 
for thirty-five years. He was born in London 
in 1896 and studied electrical engineering at 
the Battersea Polytechnic. After serving 
with the Royal Engineers throughout the 
first world war, Mr. Pointon joined the 
Metropolitan Electric Supply Company as a 
shift engineer in 1919, and a year later 
became a technical assistant in the London 
office of the ASEA organisation. In 1922, 
he was appointed manager of the printing 
trades department, and in 1925 he went out 
to India to look after the firm’s activities 
there. Mr. Pointon’s first appointment in 
India was as general manager, but sub- 
sequently he was appointed a director 
of the company, having his headquarters 
in Bombay. Mr. Pointon remained in 
India for twenty-four years, and upon his 
return to this country in 1949 he was 
appointed managing director of the ASEA 
companies in England. During his years in 
India Mr. Pointon served as a magistrate, 
and also did a great deal to promote the work 
of the Institution of Engineers (India), of 
which he was a member. He was a Fellow 
of the Royal Society of Arts. In 1953 Mr. 


Pointon received from the King of Sweden— 
in which country he was particularly well 
known—the honour of knighthood of the 
Swedish Order of Vasa. 
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Fuel Control and Burning in Aero- 
Gas-Turbine Engines 


No. Il—( Concluded from page 899, December 23rd) 
On Friday, December 16th, the James Clayton Lecture was read by Mr. E. A. Watson, 


at the Institution of Mechanical Engineers. 


We abstract parts of the Lecture 


dealing with the problem of supplying to the combustion chamber the appropriate 
amount of fuel at the necessary pressure under all conditions, not only in steady 
running, but under rapidly varying conditions of acceleration and deceleration. 


SPEED CONTROL AND GOVERNING SYSTEMS 


WSATEvVER form of scheduling control may 
be employed for normal conditions of oper- 
ation, it is essential to provide some form of speed 
override, and common practice here has been 
for take-off and climb at maximum engine speed 
to be under the control of the speed-sensitive 
governor. In the infancy of the jet engine when 
only one fuel—kerosene—was envisaged and 
when simplicity was thought to be one of the 
greatest attractions of the gas-turbine engine, 
an extremely simple governor system was 
devised which, in order to save the complication 
of additional drives, was incorporated in the 
pump itself. This consisted merely of a series 
of radial passages drilled in the pump rotor, 
creating a pressure difference which was applied 
to the two sides of a flexible diaphragm. The 
diaphragm carried a steel button engaging 
with a pivoted member, the other end of which 
carried a half-ball valve controlling the pump 
servo. As an override governor this device has 
proved extremely satisfactory and reliable and, 
owing to the inherent stability of the system 
under full speed conditions, it was possible to 
design the governor with a rate of from 2 to 
3 per cent. 

The simple governor just described was, how- 
ever, essentially only a top-speed governor. At 
lower speeds, particularly in the cruising range, 
the inherent stability of the system is appreciably 
reduced. Attempts were made to introduce a 
differential stabilising term by hydraulic means, 
but the best solution was found to be to design 
for a somewhat higher governor rate and employ 
a reset device in which a bleed of fuel from the 
high-pressure line was fed into the governor 
circuit, tending to depress the governed speed 
under full-load conditions. This enabled stability 
to be combined with practically isochronous 
operation. 

In order to minimise the loading on the pilot’s 
control, alteration in spring loading on the 
diaphragm was obtained by swinging the point 
of anchorage so that no work was done on the 
spring. The details of this will be clear from 
Fig. 17. 

The most serious fault of the simple hydraulic 
governor lies, however, in the fact that the 
governed speed varies inversely as the square 
root of the fuel density, and with the decision to 
use fuels covering wide ranges of density it was 
necessary to find an alternative. An attempt to 
do so by introducing a correction based on fuel 
viscosity, which bears a certain relation to density, 
indicated that the relation was by no means a 
unique one, and the present tendency is to use a 
mechanical governor with hydraulic transmission, 
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Fig. 17—Centrifugal force governor with reset 


that is, the governor sets up a fluid pressure in a 
control line which is always proportional to the 
square of the speed. This pressure signal 
operates as before on a flexible diaphragm, but 
it can be employed for other purposes besides 
its normal one of operating a speed control. 


TEMPERATURE CONTROLS 


Throughout the preceding work very little 
reference has been made to the effect of tempera- 
ture on the control parameters, although it is 
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Fig. 18—Specific thrust as function of speed and 
intake temperature 


well-known that the quantities involved in a gas 
turbine such as P,/P, and F/P, are functions not 
of N but of N/4/7j, and this should be taken 
into account in designing any fuel system. The 
normal change in temperature associated with 
altitude, and covered 
by the L.C.A.N. tables, 
can be covered in a sche- 
duling system by suitable 
correction to the curve 
covering the relation 
between F and P, but 
variations fromJ.C.A.N. 
conditions cannot be pro- 
vided for in this manner. 
Reference to Figs. 1, 18 
and 19, which give typical 
variations in fuel, thrust 
and jet-pipe tempera- 
ture with 7), will show 
the magnitude of the 
variations which may be 
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curves illustrate the very 
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. great changes in thrust at a given speed which 


can occur over the range of temperatures 
—73 deg. to +47 deg. Cent. which might conceiy. 
ably be metin practice. It will be clear that fora 
civil aircraft under cruising conditions and 
operating at a definite speed and thrust schedule 
a scheduling control fixing F/P, is well suited, 
but ill-adapted to a fighter which will presumably 
require to get the maximum possible advantage 
from a cold day. 

They indicate also that neither system of 
control will in itself protect against excessive 
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Fig. 19—Jet pipe temperature as a function of speed 
and intake temperature 


jet-pipe temperature under certain conditions 
and, further, that any system of control based 
solely on jet-pipe temperature can be effective 
only over a limited range at top engine speed, 
for at lower speeds the control becomes indeter- 
minate, there being two possible speeds for a given 
temperature. 

In general, the maximum governed speed of an 
engine is chosen with due regard to the stresses 
in the turbine disc and blading at a given speed 
and temperature and, as will be seen from Fig. 19, 
the rate of temperature increase with speed at 
the full-load point is very steep. Any increase in 
speed above normal, not only increases the 
stresses but reduces the fatigue strength of the 
material, the latter effect being the more impor- 
tant of the two. Further, for a given maximum 
speed the jet-pipe temperature, and hence the 
blade temperature, is dependent on 7, and may 
also vary with P, if the component efficiencies 
change with altitude. There is also the possibility 
of mechanical damage to the engine, such as air 
leaks or blade fouling, altering its efficiency, 
in which case the temperature will rise as the 
governor permits more fuel to flow in order to 
maintain governed speed. While at one time 
this was covered by a jet-pipe pyrometer placed 
prominently in the pilot’s view, an automatic 
temperature controller is clearly a desirable 
feature and is standard practice on modern 
engines. 

Three types of controller have been proposed 
at various times—the expanding rod, the mercury 
bulb, and the electric. The first two are used to 
some extent on small gas turbine power units, 
but the electric type, despite its apparent com- 
plication, is to-day practically standard on aero- 
plane engines. The expanding rod type com- 
prised an outer tube of expandible metal sur- 
rounding a quartz rod of relatively small expan- 
sion coefficient. The element was usually arranged 
transversely across the jet pipe so as to respond 
to the mean value of the temperature. The 
relative movement of the rod and tube operated 
a valve in a pneumatic transmitting system, 
which ultimately controlled a valve in the pump 
servo system. This device has naturally a fairly 
long time constant and is, therefore, only suitable 
for an overriding control. It is inherently 
simple, but with the high jet-pipe temperatures 
which are now common, together with the high 
gas velocities and resultant forces, it is difficult 
to give the unit the necessary mechanical strength. 

The mercury bulb control employs a steel 
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bulb and capillary tube, filled with mercury 
under pressure to exclude voids and with a bulb 
capacity greater than any possible increase in 
capacity of the Bowden tube or other sensing 
element which may be employed. The bulb 
therefore contains some liquid mercury under all 
conditions and the system operates as a vapour- 
pressure thermometer. The sensing element 
may operate directly on the pump servo system 
or, as with the expanding rod type, a pneumatic 
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Fig. 20—Electric pressure control unit 
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transmitting device may be used in order to 
avoid a long length of capillary tubing. 

The electric types employ a system of chromel- 
alumel thermo-couples connected in parallel, used 
in conjunction with a magnetic amplifier to 
supply a d.c. signal to an electro-magnet which 
usually operates the pump-servo valve. As the 
mechanical arrangement of the magnet and 
valve bears a certain resemblance to the B.P.C. 
and frequently operates in a similar manner 
on the pump servo, it has been generally known 
as an electric pressure control (L.P.C.). 

Where direct operation on the pump servo is 
employed the control forms a complete override, 
and the question of stability has to be borne in 
mind as it would be possible in the case of 
instability or hunting for the control to cut off 
all the fuel and extinguish the flame. If, however, 
the control is only used as a trim, which it often 
is, this possibility does not arise. 

Fig. 20 gives an illustration of a typical L.P.C. 
unit. 


MOUNTING OF CONTROL UNITS ON ENGINE 


The problem of accommodating the various 
units on an engine is always a designer’s night- 
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possible, thus eliminating much of the pipework, 
but if this is carried to excess it may result in a 
combined unit too large to be accommodated 
within the cowling. Further, a unit which 
performs too many functions will necessarily 
be difficult to manufacture and still worse to 
calibrate and service. A certain amount of 
success has been obtained in “ packaging ’’ the 
units—that is, in building the complete unit 
from blocks which can be assembled, checked 
and tested individually, the joints between them 
being formed by face joints with rubber sealing 
rings. 

The block diagram (Fig. 21) for a complete 
fuel system for a twin engine installation will 
serve to indicate the complexity which seems 
to be unavoidable on modern engines and air- 
craft. Even in this diagram, omission has been 
made of certain items such as torch igniter 
reducing valves, and idling speed by-passes 
which are fitted on certain engines, although not 
universally, 


CONTROL SYSTEM DEVELOPMENT AND TESTING 


A modern control system, embodying as it 
does a number of closed loops covering speed 
and temperature trims and including in these 
both engine and combustion characteristics, can 
only be properly tested on the engine for which 
it is designed and, in the ultimate, on that engine 
under the varying conditions of temperature, 
altitude and forward speed at which it has to 
operate in the air. Unnecessary testing in flight 
is obviously undesirable and every step should be 
taken to eliminate as far as possible the need for 
this. Facilities for reproducing flight conditions 
in an altitude chamber, so far as Britain is con- 
cerned, are extremely limited in availability and 
scope, so that the bulk of the development has 
perforce to be done on engines under sea level 
static conditions. Even with this restriction 
very useful work has been carried out, and the 
firm with which I am associated has been in the 
fortunate position of operating such a plant 
for the last ten years, on which much valuable 
experience has been gained. The usual procedure 
after fitting any fuel system to the engine is to 
take oscillographic records of acceleration, steady 
running and deceleration, over a wide range of 
speeds and speed changes. The quantities 
usually recorded are speed, fuel pressure, and 
jet-pipe temperature, but other quantities can 
be recorded as desired. 

Such records show at once any tendency to 
instability or hunting, the degree of overswing 
at the finish of an acceleration or of underswing 
following a deceleration. They show also the 
reverse effects of delay in response or sluggishness 
in attaining any desired condition. The steady 
speed records are usually extended over a con- 
siderable period of time so as to show up any 
irregular variation in 
running speed, usually 
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Fig. 21—Block diagram for complete twin-pump system 


mare and a fruitful source of contention between 
the designers of the engine and the fuel system. 
Since the engine has to fit closely into the nacelle, 
space is always restricted and the units must be 
kept small. If individual units are employed 
for performing the various functions the result 
is liable to be a maze of pipes, many of them 
carrying fuel at high pressures and, therefore, 
being potential sources of leaks. The tendency 
is therefore to combine the units as far as 





referred to as “ noise,” 

which is sometimes pre- 

sent on engines running 

under speed - governed 
0@ conditions, and which is 
frequently the result of 
backlash or play in 
governor drives, but 
which may also be pro- 
duced by cavitation in 
control orifices. Latterly, 
the plant has been used 
extensively for the study 
of surging during ac- 
celeration. 

For this work, as in- 
deed for engine work in 
general, it is inconveni- 
ent to have to wait for 
the time necessary to de- 
velop and print a cath- 
ode ray record, and a high-speed pen recorder, or 
plotting table, has been developed and has given 
most useful service. This recorder differs, how- 
ever, from the ordinary type in that quantities 
other than time can be used as the abscisse. For 
example, fuel flow can be recorded as a function 
of engine speed or of pressure ratio P,/P,. 
Alternatively, a record of P, against N will give a 
very clear indication of the inception of com- 
pressor stall. In a further development, fuel 


oom L | Loy 








929 


flow is itself controlled by means of a photo-cell 
which is caused to traverse automatically the 
contour of a black silhouette fixed to the moving 
table. By adjusting the contour of the silhouette 
so as to keep the compressor just clear of stalling 
conditions a very accurate assessment can be 
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a—Acceleration to maximum speed, temperature controlled at 
675 deg. Cent., oscillations critically damped. 
b—Acceleration in upper s 
deg. t., damping not quite critical. 
c—Acceleration at lower speed range, engine more liable to 
hunt, slow settlement to final speed. 


Fig. 22—Oscillograms of surging due to acceleration 


range, temperature controlled at 


made of the maximum rate at which the engine 
can be fuelled on acceleration. 

Such engine work is, of course, preceded and 
accompanied by various rig tests to examine 
the stability of the various loops in the control 
circuit which do not pass through the engine 
itself, and considerable use is made of the Nyquist 
diagram in these investigations. 

Fig. 22 gives a series of typical oscillograms 
recorded with the equipment. 





Notation. 
Block Diagrams.—Large block. A pump of fixed stroke unless 
ise indicated. 


oO § 
Small block marked C (control) attached. Indicates that the 
pump is of variable stroke with a servo control. 


| ° | An orifice. If the orifice is fixed the letter carries no 


suffix. The addition of a suffix means that the orifice is controlled 
by the quantity indicated, as follows :— 
OP,—Controlled by ambient or intake pressure. 


ives, shut-off 
OF—Controlled by flow of fluid through orifice 
Op F mtrolled by fluid pressure. 
OL—Controlled electrically by solenoid. 


a Indicates a sensing means, the balance between two 


sensed quantities serving to operate the pump servo, such as : 
R 'P,—Ordinary B.P.C. bevel py equated to P,. 
p|S—Pressure drop equated to fixed one load. 
Ap/§8S—Pressure drop equated to variable spring load. 
Pp y/S—Hydraulic pressure generated by governor equated 
to spring ee (Principle of ordinary hydraulic 
governor. 


4; Indicates a transposing device, such as : 
N*/p Speed to hydraulic pressure. (Hydraulic governor.) 
T/L—Electric temperature control. Electrical system pro- 
ducing current or voltage as a function of T. 


| Lv | The linking valve of a proportional flow control 
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Wind-Excited Oscillations of Self- 
Supporting Steel Chimneys 


By R. E. D. BISHOP.* 


A survey is made of the literature on wind-excited oscillations of welded steel stacks. 
It is shown how a method of design against this oscillation might be based upon the 
generally accepted theory ; but existing data does not allow a trustworthy design 
chart to be produced. It is suggested that atmospheric turbulence (as well as the 


initiation of a “* vortex-street”’) might cause stack oscillation. 


The amount of 


useful experimental data which is available is quite inadequate for the proper check- 


ing of theory. 


But such as there is indicates that it is not yet possible to say 


whether or not a given stack will vibrate. 


ENERALLY speaking, steel chimneys 
are very much cheaper to erect than 
brick ones and they have become widely used 
in recent years for this reason; and on 
account of the convenience of welding, this 
means of construction is commonly employed. 
Now it has been found that some welded 
self-supporting steel chimneys suffer from a 
serious defect; they oscillate—sometimes 
violently—due to excitation by the wind. 
There are two ways in which these struc- 
tures can vibrate. First of all, a stack may 
oscillate as a shell. That is to say, while its 
central axis remains stationary, its cylindrical 
wall may flex, thereby producing a sort of 
rippling motion in the metal plate. This 


problem (which is sometimes called that of 
“* breathing ” or “ ovalling ”’) is discussed by 
Dockstader, Swiger and Ireland (1954) and 
by Dickey and Woodruff (1954). As might 
be supposed, this type of motion is most 
likely to occur in unlined stacks and it has 
been suppressed by the use of stiffening rings 


attached to the plate. It would be unwise 
to allow these vibrations to persist owing to 
the possibility of fracture due to fatigue ; 
this objection to the motion is increased both 
by the presence of welds and, often, by the 
existence of corrosion. This sort of oscilla- 
tion, however, is not the subject of the 
present paper, although it has never been 
examined to what extent this problem is 
separable from that of the second kind. 

This article is concerned with a second type 
of vibration by which a stack sways as an 
upright cantilever. Unless the use of guys is 
permitted, this motion is far more difficult to 
prevent than is motion as a shell. Moreover, 
it is more likely to alarm people working 
nearby and is harmful to the foundation and 
to the flue-connection, quite apart from its 
possible ill-effects as regards fatigue. 

Since the erection of these welded structures 
is a fairly new development, the literature 
concerning this vibration consists mainly of 
a few papers which have appeared within the 
last year or two. It cannot be said, though, 
that the literature is very helpful from the 
point of view of the constructional engineer 
who wants to build a chimney that will not 
oscillate.t| In view of the enormous advan- 
tages that welded steel stacks may possess for 
some purposes, it is desirable that a design 
technique should be devised so that vibration 
can be avoided. This appears not to have 
been attempted although there is general 
agreement among the writers concerned as to 
what causes the motion. 

It is the writer’s opinion that this problem 
of stack swaying merits far more attention 
than it has received in the past. Despite the 
claims made by some writers, it is still not 
possible to predict with certainty what 
chimneys are safe and what are not. More- 





* University Engineering Laboratory, Cambridge. 

+ One eminent writer on the subject has expressed the view 
that welded steel chimneys, as a class of structure, are not safe 
owing to their liability to sway. This opinion seems unduly 
pessimistic to tne writer. 


over, it is most unlikely that a reliable 
technique of design can be evolved without 
an extensive programme of research including, 
above all, the collection of experimental 
data. The amount of available data on 
observed oscillations is pathetically small. 

Before a programme of research into this 
problem can be instituted, it is necessary to 
collect together what information is available 
on the subject, for most of the papers 
which constitute the literature have been 
written independently. It is part of the 
purpose of this paper to present a critical 
survey of existing material. 

If previous writers have found the correct 
explanation for all wind-excited stack-sway- 
ing, then a way is suggested by which a 
simple method of design can be produced. 
In fact, as a guide, a chart is given which is 
based upon existing data ; this can certainly 
be improved and is not intended to fulfil the 
designer’s needs. 

Finally, the writer wishes to suggest that, 
while the usual explanation for swaying is 
probably the correct one in many cases, it 
is not the only explanation possible. The 
usual theory concerns the shedding of a 
wake of vortices by the chimney ; this gives 
rise to pressure fluctuations at its surface 
which may cause the chimney to resonate. 
It seems possible, however, that oscillations 
could also be excited as a result of atmos- 
pheric turbulence as in the buffeting problem 
of aeronautics. At least, it can be said that 
the usual theory seems inadequate to explain 
some of the few results that are available. 


THE NATURE OF THE EXCITATION (ACCORDING 
TO THE VORTEX-SHEDDING THEORY) 


Consider the two-dimensional problem of a 
long cylinder whose axis is fixed at right- 
angles to a steady airstream. A wake is 
formed behind the cylinder whose nature is 
discussed by Goldstein (1938). Provided 
that the Reynolds Number lies within certain 
limits, vortices are thrown alternately off 
opposite sides of the cylinder and, as a 
consequence, the cylinder experiences a 
periodic variation of pressure on its surface. 
This pressure variation is such as to tend to 
make the cylinder oscillate in the direction 
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that is transverse to the flow of the impinging 
stream. 

The frequency with which the vortices are 
shed is related, through the dimensionless 
Strouhal Number S, to the Reynolds Number 
R. The nature of this relationship is shown 
by the curve of Fig. 1, which was found 
experimentally by Relf and Simmons (1924), 

In the problem of chimney oscillation one 
is mostly concerned with Reynolds Numbers 
which lie between 10° and 10’. Unfortunately, 
it is in this range that the correctness of the 
curve of Fig. | has been questioned. Relf 
and Simmons state that the flow is aperiodic 
when R is greater than 10°. On the other 
hand, Dockstader, Swiger and Ireland (1954) 
express the view that periodicity is preserved 
at greater values of R than this and they 
present an alternative right-hand extremity 
to the curve ; their curve is based upon 
observations of stack vibrations and js 
apparently intended as a suggestion rather 
than an accurate statement of fact. Again, 
on the basis of observations of chimney 
oscillations, Den Hartog (1954) suggests that 
periodic flow may persist for values as high 
as R=7x 10°. Confirmation of the correct- 
ness of the curve in Fig. | for large values of 
R would certainly be helpful. 

There is evidence to show that once a stack 
commences to oscillate transversely to the air 
stream, its own motion begins to dictate the 
rate at which vortices are shed—a case of 
“* self-excitation ” arises. Thus, the curve 
of Fig. 1, which refers to a fixed cylinder, 
ceases to be of use once the stack has started 
to move. The importance of the curve lies 
in the fact that it gives an estimate of the 
minimum wind speed, or “critical wind 
speed,”” for which periodic motion is likely 
to commence. This has been confirmed to 
some extent by Scruton (1955) and is to be 
expected from the low damping (and hence 
the steepness of the rise of the response curve 
near resonance) of a chimney; damping 
effects are discussed in the next section. It 
will be noted that the onset of self-excitation 
would account for the results cited by Dock- 
stader, Swiger and Ireland and by Den 
Hartog as demanding extension of the curve 
of Fig. 1 to greater values of R. 

The eddy-shedding behaviour of an oscillat- 
ing cylinder has been investigated by Stein- 
man (1946) and, with special reference to 
chimney stacks by Scruton (1955). How- 
ever, it seems safe to say that there is little 
point in pursuing a theoretical discussion of 
the wake of an oscillating cylinder in con- 
nection with the practical problem of a 
chimney. The reason for this is that, in 
forming vortices in time with its own motion, 
a chimney tends to widen the range of wind 
speeds which will cause resonance ; that is 
to say, sharpness of tuning is not necessary 
to produce resonance even though (as will be 
discussed later) steel chimneys usually have a 
high Q factor. Once a stack has been 
brought into oscillation violent motion can 
be maintained even if the wind speed 
fluctuates somewhat. In fact, for an unlined 
stack having very small damping the range of 
dangerous wind speeds may extend from the 
critical wind speed to twice that value (see 
Scruton (1955) ). 

From this argument it appears that a con- 
ventional stack is proof against wind-excited 
oscillation if its critical wind speed is higher 
than the speed of any wind that is likely to 
blow on it. Alternatively, it will be safe if its 
critical speed does not exist ; that is to say, 
excitation will not occur if the highest value 
of f obtainable from the curve of Fig. | is 
less than the fundamental frequency of the 
stack. If, however, the critical wind speed 
is very low it is again probable that the stack 
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concerned will be safe as a consequence of 
the weakness of the excitation. The eddies 
formed at the critical wind speed will be 
unable to move the stack perceptibly unless 
the wind blows steadily at the critical speed 
for a long’period. Thus the conditions under 
which self-excitation is produced are unlikely 
to be obtained. A discussion of the magni- 
tude of the exciting force is given by Steinman 


(1946). The desirability of allowing a stack . 


to be subjected to winds whose speeds are 
greater than the critical value and of relying 
upon damping forces to mitigate the ill-effects 
is discussed in the next section. 

Although this paper is concerned with 
swaying vibration, it should be borne in 
mind that the vibration of a stack as a shell 
(“ ovalling ’’) is important, m that it may be 
used to give experimental data on the nature 
of the aerodynamic excitation. 


THE NATURE OF THE OSCILLATION 


There is evidence to show that damping 
plays an important part in the vibration and 
experiments have been performed to ascertain 
the damping properties of actual chimneys. 
Dickey and Woodruff (1954) describe experi- 
ments in which stacks were deflected side- 
ways (by forces applied at their tops) and 
then released. The resulting oscillations 
were damped and, for one particular size of 
structure, average values of the logarithmic 
decrement were found ; they were (for the 
“Contra Costa ” stacks) : 


820-039 (unlined) 
30-074 (lined). 


For another set of stacks (those at “‘ Moss 
Landing’) Dockstader, Swiger and Ireland 
(1954) found the values : 


8==0-029 (unlined) 
320-045 (lined). 


These two sets of stacks were, very roughly, 
of equal size, being approximately 220ft high 
and just over lift in diameter at the top ; 
thus, the virtual mass of entrained air could 
be inom to be approximately the same for 
each. 

On the strength of these results, it seems 
safe to say that, while lining a chimney 
greatly increases its internal damping, it is 
unlikely to do so to the extent of making the 
logarithmic decrement as great as 0-10 (say). 
This assertion can be buttressed by dimen- 
sional reasoning, such as is mentioned by 
Scruton (1955). It follows that the Q factor 
of a chimney is usually greater than 30. 
It is, therefore, very reasonable. to neglect 
any coupling of the principal modes due to 
damping when a stack is in resonance, unless 
two or more modes have very nearly the 
same frequency (as might be the case with 
the swaying and ovalling modes); if, in 


‘fact, there is no appreciable coupling, the 


distortion of a stack oscillating at its lowest 
resonant frequency will approximate closely 
to the first principal mode of the structure 
in the absence of all damping. Moreover, 
the resonant frequency will be, for all prac- 
tical purposes, equal to the first natural 
frequency of the undamped stack. 

Scruton (1955) predicts that a stack will 
not oscillate if its logarithmic decrement is 
greater than 0-07 (or Q less than 45). There 
is some slight evidence in support of this in 
that the Contra Costa stacks referred to 
earlier (for which 8=0-074) oscillated with 
only a 3in maximum amplitude,{ according 
to Dickey and Woodruff (1954). It seems 
that the limit of 8=0-07 is a little bold and 

¢ It should be pointed out, however, that, in , the lined 
stack had ‘no critical wind speed, since it 


its nal frequency 
— to a point lying off the right-hand end of the curve 
in Fig. 1. 
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that a value nearer 0-1 should be used ; 
unfortunately, this may preclude added 
damping as a practical means of suppressing 
the oscillations of a self-supporting stack. 

It is fairly certain that to allow an unlined 
stack to be subjected to winds whose speeds 
are greater than critical would be unsafe. 
On the other hand, the natural frequency 
of such a stack is likely to be great enough 
to be out of the range of the appropriate 
curve in Fig. 1 ; on that account, it may not 
be subject to swaying. 

It is interesting to note that swaying has 
only been reported as serious in welded 
stacks ; riveted stacks appear to be immune. 
While it is possible that an aerodynamic 
effect of the rivet heads may account for 
this, it is more probable that the damping at 
joints is responsible for the absence of violent 
oscillation. : 

A method of lining the inner surface of a 
stack by spraying on the protective coating 
is becoming common. The coating is thin 
and of fairly low density (of the order of 
50 Ib per cubic foot) so that its effect on the 
natural frequency is fairly small. Its effect 
as a source of damping is also likely to be 
small and, as a consequence, stacks which 
have been treated in this way may be prone to 
vibrate. 

One major topic concerning the oscillation 
of stacks still needs further investigation ; 
it is the problems of calculating the funda- 
mental frequency of a stack when its dimen- 
sions are known. Some discussion of the 
matter appears in the papers by Dockstader, 
Swiger and Ireland (1954), Dickey and 
Woodruff (1954) and Scruton (1955), but 
the subject still needs further examination 
with greater attention paid (a) to permissible 
approximations, (b) to details of computa- 
tion, and (c) to experimental verifications by 
tests of free or forced oscillation of full-sized 
stacks. The designer may have to calculate 
the effects of cut-outs in the wall of a stack, 
of attached steel ladders, and so on; it is 
unlikely that a rule-of-thumb formula will 
suffice under such conditions as has been 
suggested in the past. 


MODEL EXPERIMENTS 


Some interesting model experiments have 
been carried out by Scruton (1955) at the 
National Physical Laboratory. They relate 
to an unlined stack of height 150ft, for which 
N=0-92 c/s and 8=0-01. The outside 
diameter was 10ft at the base, tapering 
linearly to 4ft at a height of 39ft ; from this 
height to the top of the stack the diameter 
was constant at 4ft. 

The experiments were performed with a 
model which was roughly similar geometri- 
cally to the full-size chimney. This was 
placed in a wind tunnel and its behaviour 
was observed as the wind speed was gradually 
increased for various amounts of damping 
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The results are 
embodied in the curve of Fig. 2, where the 
values of 8 have been converted to refer to 
the full-scale stack by the methods of dimen- 


within the structure. 


sional analysis. For any value of 3, the 
motion started at the lower boundary of the 
shaded area and ceased at the upper one. 
This curve is of considerable interest and it 
is worthwhile to consider some of the con- 
clusions which can be drawn from it. 

It will be found from Fig. 1 that the 
values D=4ft and f=0-92 c/s indicate that 
critical conditions will obtain when R=4 x 10°. 
This corresponds to the value S=0-23. 
If it is assumed that excitation commences 
when f equals N, the lowest natural frequency, 
then the motion should start when 

Vera Vere 1 
ND fD 0-23 

This agrees moderately well with the height 
of the lower boundary of instability in 
Scruton’s curve; here, then, is a single 
indication of the extent to which Fig. | is 
reliable for predictions of the onset of 
motion. 

For all Reynolds numbers less than 2 x 10°, 
the value of the Strouhal number is less than 
0-2. The horizontal line at the height 
Veru] ND=1/0-2=5 in Fig. 2 should thus 
be somewhat conservative for all stacks for 
which critical conditions correspond to 
R<2x10°. But for higher values of R, 
the line appears to be too high for general 





=4-3(approx.). 


That value of D which corresponds to the 
parallel portion of a stack is the logical one 
to use in calculations. But there is no 
evidence available to show that excitation by 
vortex shedding cannot correspond to a 
diameter of the flared portion of a chimney. 

Wind tunnel experiments of this sort might 
be expected to provide much information 
concerning excitation by eddy shedding. It 
would be particularly interesting to have 
results such as Scruton’s for a range of 
models of different dimensions and shapes. 
Moreover, wind-tunnel experiments might 
yield information on the eddy-shedding 
behaviour of a moving stack. What, for 
instance, would be the effect of exciting a 
model stack so that conditions correspond 
to some point near the middle of the shaded 
region in Fig. 2, of suppressing the motion 
and then of releasing the model again without 
altering the wind-speed ? 


SUGGESTED TYPE OF DESIGN CHART BASED 
ON VORTEX SHEDDING THEORY 


In this section a method is suggested for 
checking the safety of a given chimney design 
(in regard to vibration). It is first necessary 
to estimate the lowest natural frequency of 
the stack. When this frequency has been 
calculated it is suggested that a chart like 
that shown in Fig. 3 should be used. 

If it is assumed that the curve of Fig. 1 
gives an accurate estimate of the critical wind 
speed at which oscillation can start, then the 
curve can be replotted as shown in Fig. 3. 
Consider, for instance, the value R=60,000 ; 
the appropriate value of S is found to be 
about 0-192. It follows. that, for a chimney 





Notation 
D—Outside diameter of stack. 
f—Frequency of vortex-shedding (c/s). (Note that “1 
le ’’ constitutes the shedding of two eddies, one from 
each side of a cylinder.) : 
natural frequency (c/s) of stack when swaying as a 
cantilever. : 
Q—Q factor ; this is a dimensionless measure of damping 
given by the ratio 
max. energy stored at resonance QO 


Energy dissipated per cycle in 
R—Critical Reynolds number (= Verse D/v). 
S—Critical Strouhal number (=/D/V ora). : ie 
Verig—Critical wind speed for a given stack at which oscillation 
8—Logarithmic decrement (=77/Q). 
ae =3T/ 2). 
yv—Kinematic viscosity (taken as 1-59 x 10~*ft*/sec.) 
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of diameter 4ft, the critical wind speed is 
given by 

Vern 4 

1-59x 10-*” 

where 1-59 x 10~ft?/sec. is the value of the 
kinematic viscosity. Thus, V.rn—2-38ft/sec. 
The frequency of vortex shedding f is given 
by the relation 


60,000= 


£x4 

0-192=535 - 

or f=0-114 c/s. The appropriate point in 
Fig. 3 (namely, f=0-114 c/s, D=4ft) may 
be marked with the associated value Vax 
=2-38ft/sec. affixed. When many points 
are entered in this way contours of Vrs may 
be drawn by interpolation between them. 
Finally, the dotted line which corresponds to 
R=763,000 can be drawn; it represents 
conditions at the right-hand extremity of the 
curve shown in Fig. 1. 

Suppose, for explanation’s sake, that the 
curve of Fig. 1 does give a reliable guide to 
conditions for the onset of vibration. If this 
were so, any stack whose values of D and f 
correspond to a point lying above the dotted 
line in Fig. 3 would not be subject to wind- 
excited oscillation ; for the air stream would 
become turbulent and the flow aperiodic 
before the vibration could be excited. The 
region above the dotted line would be a 
region of safety. It might also be expected 
that this is also true of the region lying 
between the D-axis and one of the contours 
lying nearby (say, the “ Viry—=2ft/sec.” 
line) ; for then the excitation is always very 
weak. This second area of safety is even less 
easy to fix than the first and, in any case, is 
of less practical importance. 

It would be very rash to accept the dotted 
line in Fig. 3 as a reliable boundary between 
safe and unsafe designs ; it should almost 
certainly be raised. Moreover, it is clearly 
important that points corresponding to 
actual chimneys should be marked on the 
chart both for stacks which sway and stacks 
which do not ; this may give some indication 
of where a reliable boundary may be drawn. 


CONCLUSIONS 
The salient points have been given of the 
currently accepted theory of wind-excited 
swaying of steel chimneys. It is shown how 
this theory might yield a rational method of 
design. 


It is difficult to check any theory with 
existing published results. This is partly 
because they are scarce and partly because 
the literature is somewhat confused, in that 
required data is not always given. Assuming 
that the theory is correct, the few results 
which are available indicate that the values 
of V7 shown in Fig. 3 are low and that the 
boundary between periodic and aperiodic 
flow lies well above the dotted line. Such 
data as the writer has been able to find is 
collected together in Table I. The list is 
by no means a helpful one, but for those of 
the entries which permit it, points have been 
marked on Fig. 3. 

One feature of the results numbered 2, 7 
and 9 appears to be particularly puzzling. 
One’s first reaction is that these points are 
too far to the right on the chart and this can 
presumably be explained in terms of “ sub- 
harmonic excitation.” That is to say, it 
might be supposed that N=3f, or Sf, or 7f, 
&c., so that the appropriate abscisse should 
be divided by 3, 5, 7 as the case may be. Now 
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It seems clear that some at least of the 
results given in Table I do not conform ai all 
well with the predictions of the currently 
accepted theory. Ina preliminary way it may 
be remarked that a mathematical technique 
that is used by Liepmann (1952) should pro- 
vide a means of tackling the question of 
whether or not turbulence is responsible for 
chimney swaying. 

The problem of suppressing the vibration 
of a stack is dealt with by Dockstader, 
Swiger and Ireland (1954), Dickey and 
Woodruff (1954) and Scruton (1955). Briefly, 
the most successful ways of doing this are 
by (a) suitable guying, or (5) the attachment 
of external dampers placed between the stack 
and some nearby structure. A third possi- 
bility—namely, the attachment to stacks of 
aerodynamic “ spoilers ”—has not been fully 
investigated. 
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Replacing an Underground Railway 
Bridge at Debden 


THE renewal of a bridge carrying the 
Central Line over Rectory Lane, at the west 
end of Debden Station, was completed by the 
chief civil engineer’s department of London 
Transport on Saturday night, December 
17th/18th, when the new 280-ton bridge was 
rolled into position and the old structure 
dismantled. The original bridge, of wrought 
iron construction with a span of 24ft 6in, was 
built for a single line in 1865 and widened in 
1892. It was replaced by a structure with a 
span, between abutments, of 64ft on the 
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this might bring the corresponding points to 
lie below the dotted line ; but a glance at the 
contours of Vir reveals that the observed 
wind speeds are, in each case, far too high. 

According to Fig. 3, it seems likely that 
stacks of large diameter are much safer than 
those of smaller section. In fact, it seems 
probable that stacks of about 4ft diameter 
would be almost certain to vibrate unless 
they have an unusually long periodic time. 
For it seems unlikely that Ver will ever be 
greater than the greatest wind speed which is 
normally experienced on a site. 

While there is¥strong evidence that the 
eddy shedding of a stack can induce vibration, 
it is possible that motion may also be brought 
about by atmospheric turbulence. This 
possibility does not appear to have been 
examined. 


square, thus permitting road widening. 
The new structure, which is of steel main 
girders with steel and concrete decking, was 
assembled on trestles erected alongside the 
old bridge : at the same time, new abutments 
and wing walls of mass concrete were built 
behind those carrying the old structure. 
The rolling-in process followed London 
Transport’s normal method, the new bridge 
being winched into place on 3in diameter 
steel ball bearings, and finally lowered into 
exact position with hydraulic jacks. During 
the erection, power, signal and other cable 
runs were transferred to a temporary cable 
bridge. The steelwork was supplied by Matt. 
T. Shaw and Co., Ltd., and erected by 
Askham and Palin, Ltd. The main con- 
tractor for the abutments and wing walls 
was W. and C. French, Ltd. 
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Comparator for Measuring the Average 
Diameter of Nominally Circular Work’ 


By L. W. NICKOLS, B.Sc. (Eng.), M.I.Mech.E., A.M.I.Prod.E. 


The comparator described in this communication from the N.P.L. simplifies rapid 
measurement of the average diameter of work which has a nominally circular 


and uniform cross-section. 


circularity of cross-section are appreciable. 
tape ; one end is fixed to the frame of the instrument ; 


It is very suitable for use when departures from 


It incorporates a flexible steel 
the other end, after 


wrapping around the work, is attached to a sliding block carrying a tapered 


wedge. 


A dial gauge registers on the face of the wedge and gives a direct reading 


of the average diameter of the work. The range of measurement is from lin to 2in 
diameter and the accuracy depends on the variability of the surface of the work ; 
under favourable conditions the error may be about +0-00lin. 


HIS comparator enables rapid measure- 

ments to be made of the average diameter 
of work which has a nominally circular and 
uniform cross-section. It is particularly 
suitable for work of this kind in which the 
departures from circularity of the cross- 
section may be appreciable, providing that 
these departures do not include any re- 
entrant curves. A typical.example, for which 
the comparator was originally designed, 
is multi-cored electrical cable in the paper- 
wrapped state before it is sheathed with 
lead. The surface of the paper-wrapping 
is variable, and, because of the shape and 
arrangement of the stranded conductors 
which make up the cable, the normal cross- 
section of the cable has appreciable departures 
from circularity. The determination of the 
average diameter in a normal section from 
individual measurements of the actual 
diameter in different axial planes would 
require a relatively large number of measure- 
ments in order to obtain a reliable value of 
the average diameter. An alternative and 
much quicker way of obtaining the average 
diameter is from a circumferential measure- 
ment of the cable. One method employing 
circumferential measurement is to use a steel 
tape which is wrapped helically once around 
the cable. The tape is graduated directly 
in terms of the diameter and the average 
diameter of the cable is read directly off the 
tape at the point on the graduated edge which 
coincides with a zero-line marked at one end. 
Under the conditions of use, it is doubtful 
whether the tape can be read by eye to closer 
than about +0-015in (+0-4mm), so that 
the determination of the circumferential 
length cannot be made to an accuracy 
better than this, and an additional error is 
introduced by making the circumferential 
measurement along a helix; the overall 
accuracy of measurement of the average 
diameter is therefore unlikely to be better 
than about +0-005in (+0-12mm). The new 
comparator also utilises a flexible steel tape 
but, providing the surface of the work is 
good, enables the average diameter to be 
measured to an accuracy of about +0-00lin 
(+0-025mm). The comparator has a range 
of measurement from lin to 2in diameter 
(25mm to 50mm diameter). 


DESCRIPTION OF COMPARATOR 


The construction of the comparator can 
be seen in Fig. 1, and in Fig. 2 it can be seen 
in use. A locating vee, about 4in (100mm) 
long is attached at one end to the body of 
the comparator. The inner faces of this 
locating vee are relieved except at the two 
ends, which are held in contact with the work 
being measured and serve to locate the measur- 
ing axis of the comparator square to the 
longitudinal axis of the work. The measuring 


* Communication from the National Physical Laboratory. 








tape, which is 4in (12- 5mm) wide and 0-003in 
(0-075mm) thick, is clamped at one end 
A to one end of the locating vee and em- 
braces three-quarters of the circumference 
of the work, the free end of the tape being 
attached to the sliding block by means of a 
latch B which engages with a projecting pin 
C on the block. The block slides in a groove 
in the upper surface of an intermediate 
carriage and the tape is kept in tension 
around the work by means of the compres- 
sion spring acting on the inner end of the 
block. A dial gauge is mounted on the 
intermediate carriage and its measuring 
anvil bears on the tapered face of a wedge 
attached to the sliding block. The angle 
of taper is such that the dial gauge gives a 
direct reading of the average diameter of 
the work being measured. 

The range of movement of the block in 
the intermediate carriage is equivalent to 
a range of tin (12-7mm) in the diameter 





Fig. 1—Comparator with which rapid measurements 
can be made of the average a cahacea ggete 
has a nominally circular and uniform cross 


of the work. In order to obtain a lin 
(25-4mm) range of diametral measurement, 
the intermediate carriage itself may be 
moved along a groove in the upper surface 
of the body to a second position nearer the 
locating vee. The intermediate carriage is 
locked to the body at either of these two 
positions by means of a plunger D which 
engages either of two accurately spaced 
locating holes £ in the base of the intermediate 
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When the intermediate carriage 


carriage. 
is locked in its rearmost position the com- 
parator has a measuring range from lin to 
l4in diameter, and when the carriage is 
locked in its foremost position the com- 
parator has a measuring range from l4in to 
2in diameter. 

The two triggers F are connected directly 
with the sliding block. By pressing either 
of these triggers the block is moved against 
the compression spring towards the locating 
vee, thus permitting the latch B on the end 
of the tape to be engaged with or disengaged 
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SECTION X.X. 


Fig, +e of comparator components 
hen measuring a workpiece 


from the pin C on the block. Two triggers 
are provided so that when the instrument 
is held by the pistol grip the latch may be 
engaged or disengaged easily at both positions 
of the intermediate carriage. 


SETTING AND OPERATING THE COMPARATOR 


For setting the comparator a mandrel of 
diameter 1-5000in (38-100mm) is provided. 
With the intermediate carriage locked in its 
foremost position the mandrel is placed in 
the locating vee and the length of the tape is 
adjusted so that when the latch engages the 
pin on the sliding block the back of the block 
is about in (1-Smm) from the back of the 
intermediate carriage. This adjustment is 
made by slightly loosening the clamp at the 
fixed end of the tape and by pulling that end 
through the clamp by the appropriate 
amount ; the clamp is then tightened. With 
the mandrel again in position in the locating 
vee the dial gauge is adjusted until it reads 
zero. When measuring work of diameters 
between 14in and 2in diameter the dial gauge 
records directly the difference of size between 
the work and the l4in diameter setting 
mandrel. If the intermediate carriage is then 
locked in its rearmost position in the groove 
in the body, and the setting mandrel is again 
placed in position in the comparator, the dial 
gauge will read 0-500in, as the sliding block 
will be at the other end of its travel in the 
intermediate carriage. When measuring work 
of diameters between lin and 14in, therefore, 
the dial gauge will read directly the amount 
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that the size of the work is above lin diameter. 

It will be noted that the tape embraces 
only three-quarters of the circumference of 
the work. If the departures from circularity 
of the cross-section of the work are consider- 
able and the highest accuracy of measure- 
ment is required, then it is desirable to make 
several measurements of the diameter, with 
the comparator spaced uniformly around the 
circumference, and to calculate the mean 
value. 


PRINCIPLE OF OPERATION OF COMPARATOR 

Fig. 3(a) shows the work located in a 
90 deg. vee ABC. One end of the flexible 
steel tape is fixed at M in line with face BC of 
the vee. The tape is then wrapped around 
the work, so that it engages three-quarters of 


Range of Movement of 





e-4) 
e& 














EJ 





Fig. 3—Diagram showing principle of operation 
of comparator 


the circumference of the work, and the free 
end E is led off in line with the other face AB 
of the vee. This free end is then attached to 
the sliding block, in line with AB, carrying a 
taper wedge (Fig. 3(5)). A dial gauge 
registers on the tapered face of this wedge and 
gives a direct reading of the average diameter 
of the work, the comparator being standard- 
ized on a cylindrical mandrel of known size. 

Let D and d be the maximum and minimum 
diameters respectively which can be measured 
by the comparator at any one setting. When 
the tape engages work of diameter D the free 
end is at E, and when the tape engages work 
of diameter d the free end moves to J. 

If the overall length of the tape=Z then 


BE=L— MF—FGH—HB 
and 


BJ—L—Mf—fgh—hB, 
EJ BJ—BE, 
—(MF— Mf )+(FGH—fgh)+(HB—hB), 
=4(D—d)+3nD—d)+\— 
(1+-32)(D—d), 
i.e. 
EJ=3-3562(D—d) ...... @) 


The comparator is designed so that a 
movement EJ of the end of the tape results 
in 2 movement (D—d) of the dial gauge 
spindle. From Fig. 1(5) it will be seen that 
this requirement is satisfied if 

D—d 


has Ei ee, otal ts ek: mic eek ee 


Sin a= Ey 


from equation (1). 


1 
~ 3+3562 
Hence «= 17 deg. 20°1 ft. 
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Pressurised Water Reactor as. a 
Source of Heat for Steam Power 
Plants 


By J. M. KAY, M.A., Ph.D., and F. J. HUTCHINSON, M.Eng., 
M.LE.E.* 


No. II—( Concluded from page 906, December 23rd ) 


This paper was presented at a meeting of the 
Institution of Mechanical Engineers, in conjunction 
with the British Nuclear Energy Conference on 
December 14th, and long extracts are here 
reprinted. Apart from the contributions to the 
recent inaugural meeting of the conference it is 
the first paper to be presented to any Institution 
under the wing of the conference. 


BOILING-WATER REACTORS 


IF water is to be used in a reactor as the coolant 
and moderator, there is a natural incentive to 
use this water directly for the generation of steam. 
The external heat-exchanger would then be 
discarded and the steam pressure in the boiler 
drum could approach the pressure inside the 
reactor vessel. There are two main alternatives : 
(a) a flash-boiling system in which bulk boiling 
of the water would be just suppressed inside 
the core and the generation of steam would take 
place mainly outside the reactor in a separate 
flash vessel, and (5) a boiling-water reactor in 
which bulk boiling is allowed to occur inside the 
reactor vessel itself. In either case there is the 
problem of the possible contamination of the 
turbine with radioactive material. Under 
normal operating conditions, the level of activity 
at the turbine should not be serious, but in the 
event of a fuel element failure some difficulty 
might be experienced in decontaminating the 
external circuit. The feasibility of the direct 
use of steam from a reactor will depend both on 
the speed with which a rise in activity can be 
detected and the steam flow diverted from the 
turbine, and on the successful design of a fuel 
element which will not deteriorate rapidly in the 
event of a minor fault developing in the sheath. 

The flash steam cycle, which was first put for- 
ward by Sir Christopher Hinton in his James 
Clayton lecture (Hinton 1954) is shown diagram- 
matically in Fig. 10. Sub-cooled water at state 
1 enters the reactor and is heated as a single- 
phase fluid to state 2, that is, up to the boiling 
point at the reactor pressure. This implies that 
the surface temperature of the fuel elements is 
maintained at some value higher than the boiling 
point of the water and some local nucleate 
boiling will therefore occur adjacent to the 
hottest parts of the fuel element heat-transfer 
surface. Bulk boiling in the core, however, 
would be just suppressed. Hot water emerges 
from the reactor at the boiling point correspond- 
ing to the reactor pressure, and is then throttled 
to the separator where part of the water flashes 





Notation 


b—Effective perimeter of the element. 
C»s—Specific heat of coolant. 
d,—Diameter of uranium rod. 
d,—Outer diameter of fuel element. 
E—Young’s modulus. 
H-Rate of heat release per unit length at the centre. 
ihe -% rate of heat release per unit length at the 


h—Heat oat toneaiee factor. 
k,—Thermal conductivity of the material of the sheath. 


gy Thermal conductivity of uranium fuel. 


me of core. 

L’—Extrapolated length 
m—Mass flow of ay in -as channel. 
ro" homme of pump. 


G-Flow, - pay vod ao 
T-—Sartece oe te of th the element. 
T,—Inlet coolant tem 
T;—Outlet pom whys temperature 
a—Coefficient of ex 


AT—Radial ae ay ae through wall of sheath. 
o—Poisson’s 


* Kennedy and Donkin, Ltd. 
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into steam. This process is represented on the 
temperature-enthalpy diagram by the short 
vertical line from point 2. Steam at state 3 can 
then be passed either directly to the turbine or 
through a separate superheater. Hot water 
from the separator at state 6 is mixed with feed. 


Throttle Valve 
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Temperature - Deg. F. 
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Fig. 10—Flash-steam reactor cycle 


water from the feed-pump and the mixed stream 
passes to the main circulating pump and hence 
to the reactor inlet at state 1. 

The full boiling system is shown diagrammati- 
cally in Fig. 11. Bulk boiling now takes place 
inside the reactor core and a steam-water mixture 
emerges from the core and passes to the boiler 
drum. The reactor coolant channels thus take 
the place of the evaporator section of a conven- 
tional boiler. Forced circulation may be em- 
ployed to maintain the necessary velocities and 
heat-transfer rate from the core. Apart from the 
drop of pressure occurring in the main steam and 
water lines, the boiler pressure in the boiler drum 
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Fig, 11—Boiling-water rea¢tor cycle 
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is now identical with the pressure inside the reac- 
tor vessel. 

Thermodynamically the full boiling system is 
undoubtedly the ideal one, and a fairly high 
steam pressure can be achieved at the turbine 
stop-valve without the necessity to maintain a 
much higher pressure in the reactor itself. 
There is, however, an additional problem with 
this arrangement in providing sufficient space 
inside the reactor core for steam formation 
without undue loss of reactivity, It is, perhaps, 
unfortunate that the light-water reactor requires 
a closer lattice arrangement than the heavy- 
water reactor. The geometry of the heavy- 
water reactor core is more suited to boiling of 
the coolant than is the geomery of the light- 
water reactor, but the prospect of a boiling 
heavy-water reactor system raises fresh problems 
in the use of heavy-water as the working sub- 
stance in the turbine. It remains to be seen 
whether it would be possible to reduce gland 
losses, &c., to a sufficiently low figure to permit 
the use of such a valuable working substance. 


THE PRESSURE VESSEL AND PLANT ARRANGEMENT 
FOR A FLASH-STEAM REACTOR 


One reason for considering the flash steam or 
boiling cycle is the desirability of easing the 
pressure-vessel design problem. In the flash- 
steam reactor heat is removed from the core 
without change of phase of the coolant. It can 
be assumed in the limiting case, however, that 
the water is heated up to the boiling point 
corresponding to the reactor pressure. In these 
circumstances, the permissible temperature level 
may be fixed by the maximum temperature in 
the fuel elements rather than by the design 
pressure for the reactor vessel. To illustrate 
this point a figure of 900 deg. Fah. may be taken 
as a conservative upper limit for the central 
metal temperature in the fuel elements. With a 
thermal rating of 20 million B.Th.U. per hour 
cubic foot and with an equivalent diameter of 
tin for the fuel elements, the radial temperature 
difference (from Table I) would be 210 deg. 
Fah., giving a maximum surface. temperature 
of 690 deg. Fah. Taking account of the fact 
that lower water velocities must be employed 
when handling water at the boiling point, and 
allowing a total of 150 deg. Fah. for the difference 
between the maximum fuel element surface 
temperature and the coolant outlet temperature, 
the maximum permissible value of T, would be 
540 deg. Fah., corresponding to a pressure of 
about 960 lb per square inch. In the following 
discussion a reactor working pressure of 900 Ib 
per square inch will be assumed. 

Thermodynamically, the pressure for the flash 
vessel should be as close as possible to the pres- 
sure in the reactor vessel, since throttling 
involves irreversibility and consequent loss 
of availability of the heat energy. However, 
for a given heat output, the circulation rate 
through the reactor increases rapidly as the flash 
vessel pressure is raised, and a limit will be set 
by the permissible velocity and flow area for the 
coolant. The circulation rates and theoretical 
cycle efficiencies are given in Table IV for a 
range of flash vessel pressures. The correspond- 
ing figures for the full boiling cycle are also 
given for purposes of comparison. 

While the pumping head decreases as the steam 
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above the reactor vessel, although two or three 
drums might be required to provide sufficient 
surface area for disengagement of steam from the 
water. Both with the flash-steam and boiling 
reactors, it would be desirable to provide a larger 
flow area for the coolant than with the orthodox 
pressurised water reactor. It may be necessary 
in those circumstances to increase the diameter 
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Fig. 12—Pressure vessel for reactor 
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of the core and to reduce the length of the chan- 
nels so far as the nuclear physics of the reactor 
will permit. This leads to the consideration of a 
nearly spherical shape for the pressure vessel 
as an alternative to the orthodox cylindrical 
form. One possible scheme for a pressure 
vessel for a reactor of moderate size is shown 
in Fig. 12. 


THE PRESSURE VESSEL AND PLANT ARRANGEMENT 
FOR A BOILING-WATER REACTOR 


With full boiling of the coolant occurring in- 
side the core, heat will be extracted from the 


and Theoretical Cycle Efficiencies 








Flash cycle Boiling cycle 
Flash-vesee! pressu pork spe. >on 300 00 700 300 300 
\~ pressure, per square ‘a 900 
Circulation aC das, aaburbbtiebe ube: ese 9-8 13-3 20-2 40-7 Ta 
Feed temperature, SN Sani: ads aues. cael 008 330 345 360 375 375 
reactor, B.Th.U. per pound steam ibd 887 871 851 834 $47 
Turbine work, B.Th.U. per pound steam ... ... 283 282-5 282 282 287 
Pump work, B.Th.U. per pound steam... .... 16-7 17+3 17-6 17-9 _ 
Net work, B.Th.U. pound steam ... ... ... 266 265+2 264-5 264-1 287 
le Yt eee 30-0 30-5 31 31-7 33-8 
Steam flow for SOOMW reactor heat, pounds per} 1-92x 10° 1-96 x 10° 2-0x 10° 2-04x 10° 2-01 x 10° 
Water circulation rate for 5S00MW reactor, pounds| 5,240 7,240 11,250 23,100 -_ 
per second 




















pressure approaches the reactor pressure, the 
volume flow of the circulating water increases 
rapidly. The net effect is a slight increase in 
pumping power. However, the pump design 
will be less difficult at the larger rates of 
flow and lower heads. The flash vessel could 
take the forn? of a large steam-drum mounted 


reactor almost entirely by the agency of the 
latent heat of the steam. A natural circulation 
system would be possible with this arrangement, 
but to maintain sufficiently high flow velocities 
forced circulation would probably be desirable. 
With water returned to the reactor at the satura- 
tion temperature,\ however, trouble would be 
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experienced with cavitation on the suction side 
of the pump, and a certain degree of sub-cooling 
would in fact be necessary. 

A definite limit will be placed by the require- 
ments of the nuclear physics on the permissible 
proportion of steam formed inside the coolant 


channels. This will necessitate the use of rela- 
tively larger channels, a high rate of circulation 
of the steam-water mixture, and some degree 
of sub-cooling of the water returning to the 
reactor. To meet these requirements it may in 
fact be necessary to design a reactor which is 
really a compromise between the true boiling 
reactor and the flash-steam reactor, and thus 
to arrange matters so that some of the boiling 
takes place outside the core. The plant arrange- 
ment for the boiling reactor would therefore 
be essentially similar to that for the flash-steam 
reactor, but the circulating pumps would be 
smaller. The steam drum or drums would again 
be mounted above the reactor vessel, but they 
could be reduced in size if sufficient space is 
provided above the core inside the reactor 
vessel to enable some separation of steam and 
water to take place before the steam passes out 
of the reactor vessel to the drums [The authors 
then compare two steam cycles for boiling-water 


TABLE V—Comparison of Two Steam Cycles 

















Water Separate 
extraction | superheater 
Boiler pressure, pounds per square 900 900 
inch abs. 
Turbine stop - valve pressure, 900 850 
per square inch abs. 
Turbine stop-valve temperature, 532 900 
deg. Fah. 
Back poe. pounds per square 0-75 0-75 
abs. 
Final feed temperature, deg. Fah. 372 372 
Turbo-generator efficiency, per 31-5 35-4 
cent 
Electrical output, MW... ... ... 157-5 230 
Steam'to turbine, pounds per hour! 2,000,000 2,000,000 
Steam’condenser, pounds per hour} 1,072,000 1,320,000 
Exhaust area for assumed leaving 131-5 161-5 
loss, square feet 





reactors, saturated steam with water separation 
and external superheating from a combustion 
source, respectively. The results are presented 
in Table V.] 


CONCLUSIONS 


Pressurised-water reactors are sometimes com- 
pared unfavourably, with either gas-cooled or 
sodium-cooled reactors, on the basis of the 
available coolant outlet temperature. This, 
however, is not a valid basis for comparison. 
With water-cooled reactors temperatures through- 
out the core are more nearly uniform than in 
any other known type of reactor. The boiler 
pressure is determined by the coolant return 
temperature and not by the outlet temperature. 
In terms of steam conditions and cycle efficiencies, 
the pressurised-water reactor appears in a much 
more favourable light. 

The principal merit of the water-moderated 
reactor is the prospect that it offers of meeting 
a wide range of power-station requirements 
with a single basic type of design. Once having 
solved the characteristic engineering problems 
of a pressurised-water system, a number of varia- 
tions in design become possible without incurring 
new problems on each occasion. If heavy-water 
is available, natural uranium may be used as the 
fuel. If enriched fuel is available, ordinary 
water may be used as the moderator and, by 
increasing the degree of enrichment successively, 
smaller reactor cores may be employed. A 
very wide range of power output can thus be 
covered from the same basic design. Finally, 
there is the prospect of development from the 
orthodox pressurised-water reactor to some 
form of boiling-water reactor. 

The real criterion as to whether one type of 
nuclear reactor is better than another will be 
reliability and convenience of operation rather 
than the efficiency or even the cost of the plant. 
A decision on this point can be made only in 
the light of actual operating experience. * The 
best type of liquid-cooled reactor will probably 
be the reactor having the simplest type of fuel 
element, and preferably a fuel element which will 
deteriorate only slowly in the event of a minor 
imperfection or failure in the sheath. 








Sigma Phase in 48 Per Cent Chromium-Iron 


Tue formation of the sigma phase (FeCr) in 
binary and ternary alloys of high chromium 
content can have a pronounced and usually 
undesirable influence on their chemical, physical 
and mechanical properties. Much work has 
been carried out in ascertaining the limits of the 
sigma phase field in different alloy systems, and 
one feature shown to be characteristic of the 
separation of sigma is the sluggishness with 
which the transformation takes place in ferritic 
as well as in austenitic steels. 

The kinetics of the «>< transformation in an 
iron-chromium alloy containing 48 per cent of 
chromium have been studied by E. Baerlecken 
and H. Fabritius, who chose this composition 
because it could be transformed into a homo- 
geneous mass of sigma. This had the advantage 
that the chromiferous ferrite could be completely 
changed into sigma and the transformation 
process was not overlaid by segregation pheno- 
mena. Moreover, the effect on magnetic 
properties was greatest in this composition. 
Chromiferous ferrite is ferromagnetic and sigma 
is paramagnetic. The course of the transforma- 
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Fig. 4—Thermal expansion of ferrite and of the sigma 
phase of an iron-chromium alloy with 48 per cent of 
chromium (Baerlecken and Fabritius) 


phosphorus 0-026, nitrogen 0-19 and chromium 
48 -3 per cent, was melted in an induction furnace. 
The ingot was cut into strips 60mm by 10mm by 
10mm, which were heated at 1200 deg. Cent. 
for two hours, then furnace cooled to 1000 deg. 
Cent., held for twenty- 
four hours and cooled in 





the furnace. After pre- 
paration from the heat- 
treated strips the speci- 





mens required for the 
measurements were an- 





nealed for one hour at 
1000 deg. Cent. to elim- 
inate the influence of any 





cold deformation they 
may have undergone on 
the rate of transform- 









































ation. Scaled specimens 
were pickled in aqua 
regia to remove the sur- 
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Fig. 2—Progress »f the sigma—alpha transformation at different temperatures 
an iron-chromium chromium (Baerleck 


alloy with 48 per cent of 
Fabritius) 


tion was followed by measurements of the change 
in magnetic saturation. The percentage reduction 
in magnetic saturation was assumed to be equal 
to the percentage increase in sigma content. 

The iron-chromium alloy, which contained 
carbon 0-16, silicon 0-93, manganese 0-18, 
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Fig. 3—Isothermal time-temperature-transformation 
curves for an iron-chromium alloy with 48 per cent of 
chromium abritius) 





face impoverished in 
chromium by oxidation. 
The structure consisted 
of coarse grained chromi- 
ferous ferrite with some 
carbide (Cr, Fe)osCg. 
There was a consider- 
able difference in the 
rate of transformation of 
five different specimens 
of the virgin material at 
750 deg. Cent., possibly 
because of initial differ- 
ences in magnetic satura- 
tion, but if the alloy had 
undergone one trans- 
formation and the 
sigma phase had been 


2 07 0 @ completely redissolved 
by annealing at 1000 deg. 
Cent.for half an hour they 
en and gave identical results. 
The transformation 


was preceded at all 
temperatures by a period of incubation which 
was shortest at about 760 deg. Cent., but was 
prolonged at temperatures of 600 and below and 
also at temperatures near the upper limit of 
stability of the sigma phase (Figs. 1 and 3). 
The reverse transformation, c—»>«, started with a 
high velocity and took place readily at high 
temperatures (Fig. 2). At 860 deg. and 875 deg. 
Cent., however, equilibrium was not attained. 
There appeared to be a hysteresis effect whereby 
the change from initial to final structure was very 
much delayed. A. J. Cook and F. W. Jones,’ 
working with much purer material, found such 
an effect to exist between 770 deg. and 820 deg. 
Cent. (the upper limit of stability of their sigma 
phase). The higher temperature found by 
Baerlecken and Fabritius is probably due to the 
considerable amounts of carbon, silicon and 
manganese present in their alloy. 

Volume changes which accompany the trans- 
formation are shown in Fig. 4. The curve was 
obtained by heating the ferritic alloy in the 
dilatometer to 1000 deg. Cent., then cooling to 
750 deg. Cent. At this temperature it was held 
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for twenty-four hours and subsequently (now 
in the sigma condition) reheated to 850 deg. 
Cent. and cooled to room temperature. The 
difference in volume between the phases was 
dependent on the temperature. At low tempera- 
tures it was large; it decreased with rising 
temperature and at 930 deg. Cent. (the lowest 
temperature at which the sigma phase was fully 
transformed into ferrite) the volume difference 
disappeared. 

The paper also contains a theoretical dis- 
cussion of the kinetics of the a—>o transformation 
which is shown to take place at any given tem- 
perature in accordance with the equation 


v--00{-(9}} 


where W=the amount of the new phase, t= time, 
t=a time factor dependent on temperature and 
n is a constant falling with increase in tempera- 
ture from 4-6 at 600 deg. Cent. to 2-5 at 825 deg. 
Cent., thus bringing it into line with the theory 
put forward by Dr. R. F. Mehl. 
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The Powder Particle in Powder Metallurgy 


A NOTABLE feature of post-war metallurgy, 
especially powder metallurgy, has been the atten- 
tion paid to the individual particle of metal, 
whether in powder form or not, and the extent 
to which problems involved in the control of 
the purity and form of the particle can be used 
by the metallurgist in producing exactly the pro- 
perties he desires in the finished product. 

A particularly interesting group of studies 
have been those directed toward reconciling 
the very large discrepancies which exist between 
the theoretically predicted properties of metals 
and the values obtained in actual experiment. 
In very many cases the theoretically predicted 
strength is of the order of one hundred times 
the experimentally determined value. The 
explanation of this discrepancy is usually that, 
in practice, metals are not pure, and in addition 
to impurities affecting their chemical composition 
they also contain physical imperfections in their 
crystal structure to which the name dislocations 
has been given. These dislocations possibly 
owe their origin to happenings during the growth 
of crystals or to the presence of minute quantities 
of impurity. It is well known that the tensile 
strength of most materials is far below the mole- 
cular cohesion as determined by the strength 
of the chemical bonds. Materials of common 
crystalline structure show tensile strengths of the 
order of 30 kg to 1000 kg per square centimetre, 
whereas chemical bond strength values would 
correspond to cohesive strength values of the 
order of 100,000kg per square centimetre. 
The reason why polycrystalline materials show 
these apparent anomalies as well as single 
crystals is because most single crystals do not 
represent “ideal crystals,” which amounts to 
saying that they do not have perfect lattice 
structures. 

There have recently been described some 
crystals, notably those produced in the Research 
Laboratories of American Westinghouse, to 
which the somewhat facetious name of ‘* Whis- 
kers”’ has been applied. They are, in fact, 
acicular or needle-like crystals of very pure iron 
and are of quite special interest because of their 
outstanding physical properties, especially their 
property of withstanding phenomenal stress, 
approaching 450 tons per square inch. They have 
been grown up to one inch or more in length. 
Stressed with a stress of 110 tons per square inch 

they show no plastic deformation, whereas 
permanent set is produced in pure iron by a 
stress of 1-8 tons per square inch. 

A remarkable property of these crystals is that 
their maximum length is about 2in and their 
diameter only about 1/1000 of an inch. They 
have greater strength than any known metal 
and they have evoked from Dr. J. A. Hutcheson, 
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director of Westinghouse research, the remark 
“ Perfect iron is another forward step in an 
attempt to gain a broader understanding of the 
fundamental properties of metals. It is of 
interest to note that all desirable properties of 
metals as we know and use them to-day are 
actually determined not by the metal itself, but 
by the impurities and imperfections it may 
contain.’ 

In the last year or so notable progress has been 
made in the purifying of metals as a practical 

means of attack on problems that are difficult 
of approach from other angles. A powerful 
weapon in this development has been the use 
of vacuum melting techniques, and more recently 
the application of temperature gradient zone 
melting. These procedures emphasise the fuller 
realisation that the poor physical properties of 
many of our commercial metals was largely due 
to the presence of foreign elements, of which 
oxygen was the most important. Another factor 
calling for greater care in the purification of 
metals has been the demands, particularly from 
the electrical and electronic industries, for mater- 
ials having an order of purity or freedom from 
certain specific impurities higher than had ever 
been demanded previously. A notable example 
is that of molybdenum, the mechanical properties 
of which are significantly affected by as little as 
a few parts per million by weight of oxygen or 
of nitrogen. These very small quantities required 
methods of analysis which gave results repro- 
ducible to one part per million. Germanium 
provides an example of an element extremely 
susceptible to minute quantities of arsenic or 
antimony. Methods of refining are such that 
the arsenic content is reduced to less than 
0:005 parts per million and with germanium the 
addition of one part of antimony per hundred 
million of germanium doubles the conductivity. 

It is interesting to note that - parallel with 
developments such as those just mentioned 
where great purity and scrupulous elimination of 
foreign elements are the rule, there has been the 
introduction of materials in which the presence of 
a comparatively high percentage of a particular 
oxide has conferred notable strength and resist- 
ance to high temperature as in the case of sintered 
aluminium powder and similar compounds or 
mixtures where one is dealing with what are 
essentially a series of oxide coats which protect 
the main mass of metal. The mention of sintered 
aluminium powder may suggest that there might 
well be a useful field to explore in the production 
of coated metal powders where powders of metals 
such as molybdenum could have a protective 
coating deposited upon their surface. This might 
be an extension of the process already described 
in which articles such as small cylinders or 
tubes of molybdenum are exposed to an atmos- 
phere of silicon tetrachloride which deposits 
elemental silicon on the exposed molybdenum 
surfaces at temperatures between 1000 deg. 
Cent. and 1800 deg. Cent. Molybdenum, so 
treated, and having thus acquired a coating of 
molybdenum disilicide of about 0-025mm 
thick, has been completely protected during 
exposure for over 4000 hours in air at 1000 deg. 
Cent. and for 30 hours at 1700 deg. Cent. 

In addition to elements that coat surfaces there 
is another field which may well offer a new range 
of materials. The outstanding example is the 
material that has been called S.G. iron or 
spheroidal graphite iron, which has been produced 
by the introduction of a comparatively small 
quantity of metallic magnesium into a ladle 
or crucible of molten cast iron. The process, 
which has been the subject of many patents, 
is one which changes the graphite in cast iron 
from flake to spheroidal form, and so affects the 
structure of the metal that its strength is doubled 
and its toughness increased many times, thus 
eliminating the brittleness usually associated 
with iron castings—their least popular quality. 
That there were real advantages in producing 
fine grained metals was observed and under- 
stood early in the history of metallurgy, and 
the production of S.G. iron is one of the more 
recent, and certainly one of the more remarkable 
achievements of research. It can be reckoned 
as a parallel to the invention of the Bessemer 
process for making steel ; indeed the dis- 
covery and development of S.G. iron bids 
fair to initiate just as great and important 
changes in engineering design as did Bessemer’s 
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process. There is a field in which, so far as is 
generally known, the S.G. material has not 
even been tried, and that is in powder metallurgy. 
It might well be of value to know if the use of 
S.G. iron in the production of powders had any 
advantage over the sponge iron powder that is 
being increasingly used over most parts of the 
world, 

Another element that has found wide applica- 
tion in improving the grain of metals is boron 
and in this case its use for improving the proper- 
ties of sintered bodies has been the subject of 
German patents which cover the use of quantities 
ranging from 0-001 to 2-5 per cent, preferably 
0-05 to 0-8 per cent. It is claimed that such 
additions favourably affect diffusion relations 
and grain growth. 

There is a large field open for investigation 
that may well provide new possibilities in con- 
trolling the behaviour and properties of metal 
powders. It is that of precipitation hardening 
which has not been thought of very widely in 
connection with powders. A controlling factor 
here is the solubility of an element or a phase 
that can provide the hardening agent in the metal 
or alloy that is to be hardened. In the production 
of atomized powders either air or water may be 
used as the atomizing agent and in either case 
the first effect may be likened to a quenching. 
It is to be presumed that the use of air or water 
in atomizing would lead to differences in the rate 
of hardening and therefore into the degree of 
hardness obtained. The other factor of impor- 
tance would be the effect upon sintering, and also 
whether the fact of being atomized by one method 
or another provided notably different physical 
properties, in particular hardening. It would 
appear likely that a very wide degree of control 
of final physical properties might be attainable 
by making use of the variation which precipita- 
tion hardening offers, and it is also likely that 
such control might be reasonably easy to apply. 

It has already been mentioned that air or water 
may be chosen, and used in jet form in the produc- 
tion of atomized particles. Air can be replaced 
by inert gases where neither oxygen nor nitrogen 
are wanted. A variable factor that might well 
repay closer and more accurately controlled 
application is the pressure of the jets used, and 
the influence of those pressures on the particle 
size and form. The use of air in producing 
spherical particles of a number of alloys is well 
known, as also the fact that water atomization 
gives rise to irregularly shaped particles of alloys. 


Influence of Vibration on the Solidification 
of an Aluminium Alloy 


ATTENTION has been given at intervals during 
the last thirty years to the effect of vibration on 
the solidification of castings. The subject was 
recently reviewed in a paper on “ The Metal- 
lurgical Effects of Ultrasonic Waves,” by E. A. 
Hiedemann.' It is well established that vibration 
of the mould can induce refinement in grain size 
in castings of certain metals. For example, it 
was shown by M. J. Berger and W. Rostoker? 
that, under the rapping action of a pneumatic 
vibrator, columnar grain growth was suppressed 
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Fig. 1—Correlation of grain size with amplitude of 
vibration at 60 c/s (Richards and Rostoker) 


and very pronounced grain refinement was pro- 
duced in an aluminium-copper alloy, though 
high impacting energy led to the appearance of 
hot tears. 

The influence of vibration on the solidification 
of an aluminium alloy containing copper 4-35 
and silicon 1-28 per cent has bepn investigated 
by R. S. Richards and W. Rostoker.* They used 
ingot moulds, 6in by 6in by 12in, of welded sheet 
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metal construction, clamped to a steel table 
which was set in vibration by an electromagnetic 


vibrator. The maximum displacement (60 c/s) 
was of the order of 0-020in. Correlation of 
grain size with intensity of vibration is shown in 
Fig. 1. Rigid coupling of the mould was more 
efficient than merely resting the mould on the 
steel table. Under conditions which produced 
en average grain size of 0-2mm in the rigidly 
coupled mould, the grain size of the ingot froma 
mould resting on the table was Imm. Vibration 
during solidification counteracted the grain 
coarsening tendencies of superheating (Fig. 2). 
Preliminary vibration of the liquid metal before 
solidification had no effect. Vibration only 
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Fig. 2—Correlation of grain size of vibrated (60 c/s, 

peak-to-peak displacement 0-018in, 3-5 g acceleration) 

and unvibrated ingots with temperature 
(Richards and Rostoker) 


influenced the cast structure when applied during 
the solidification period. 

Vibration had a marked effect in reducing the 
depth of piping and the occurrence of large 
shrinkage defects. Chemical segregation was 
unaffected. At low amplitudes there was no 
pronounced effect on microporosity, but at high 
levels of vibration intensity there was a sharp 
increase in volume of voids (Fig. 3). Not all 
products of solidification are similarly affected. 
There is a coarsening of non-metallic materials 
or intermetallic compounds such as plates of 
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Fig. 3—Correlation of volume of voids with frequency 
and amplitude of vibration (Richards and Rostoker) 


silicon and needles of FeAl;. In grey cast iron 
there is a pronounced coarsening of the graphite 
flakes while the grain size of the primary austenite 
is refined. These facts seem to contradict the 
theory that grain refinement derives from 
fragmentation of the primary crystallites, thus 
providing an artificial source of more nuclei, 
especially as the coarsened products are much 
more brittle than those that are refined. The 
authors therefore develop the idea that vibration 
affects the rate of formation of critical stable 
nuclei, and suggest conditions under which the 
rate may be increased or reduced. If the net 
effect is to increase the number of stable nuclei 
produced in a given time, the number of grains 
is increased and a grain refinement is observed. 
A reduction in the net rate of formation of stable 
nuclei would result in larger grain size and coarser 
products of crystallisation. 
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LETTERS AND LITERATURE 


Letters to the Editor 


(We do not hold ourselves responsible for the opinions of our 
correspondents) 


MACHINE TOOL INDUSTRY 


Sir,—Y our leading article, “ British Mach- 
ine Tool Industry” (issue of December 
16th), applies in large degree to many types 
of industrial machinery, and not only to 
machine tools in the narrowest sense. The 
British maker of machinery is in frequent 
cases not the one most to blame for not 
having made the machines he is told he does 
not make. It is assumed far too often, quite 
untruly, both by potential customers in this 
country who for reasons good or bad, 
prefer to buy machines abroad, and by the 
Division of the Board of Trade charged with 
making recommendations under the Import 
Duties Act, 1932, that what he has not made 
he cannot make. 

The Act is administered with the laudable 
object of admitting new ideas, expressed 
concretely as machines, into the country. 
But it appears to be strained continually in 
favour of the machine user with a preference 
for importing. (It is difficult to produce 
facts in support of this, as the Board of 
Trade refuses to give information to machine 
makers on the grounds that applications from 
users are confidential, but the statistics of 
machines imported, when compared with 
enquiries made under the Act received by 
British makers, point distinctly that way.) 
If technical grounds should fail, then the plea 
of shorter delivery from abroad can be made, 
and this is very easily manipulated. A 
machine maker wishful to extend his range 
of manufacture with a new type of machine, 
or one similar to a type being imported, 
finds his overtures to potential customers 
met with endless pretexts, often very flimsy, 
why a foreign machine must be preferred ; 
often in an atmosphere of obvious hostility. 
And such an attitude makes him even warier 
of building new types as a speculation. 

Such people seem to feel a curious kudos 
in claiming that their machinery is so special 
that it has to be imported ; but they can be 
converted with luck and persistence, and then 
often become good friends. But the Govern- 
ment could, and surely should do more to 
encourage the British machine maker, taking 
into account, as you, Sir, are clearly aware, 
his especial usefulness to the country. 

H. D. CHALLEN 

Birmingham. 

December 20th. 


INDICATOR PASSAGES 


Sir,—In commending Mr. J. G. Withers’ 
article (THE ENGINEER, December 16th) to 
all who may be concerned with the operation 
and interpretation of results of engine 
indicators, I would recommend further study 
of his valuable results. In particular, the 
analysis the effects of passage length on the 
recorded rate of pressure rise and the intro- 
duction of spurious signals due to passage 
resonance might be pursued. 

For example, the dashed line in Fig. 6 
is incorrect. It should have a slope of 


unity. If it is redrawn correctly the ratio 
of indicated to true maximum rate of pressure 
rise would be about 1-12 for 0-06in dia- 
meter passage, 6in or 12in long and 0-53 
for a passage 0-06in diameter and 24in long, 
unless of course, the experimental points 
are also incorrectly plotted. Redrawing 
Fig. 8 to take account of these corrections, 
as shown in the attached figure, would tend 
to indicate that smaller errors than those 
shown by the author occur with the short 
passages commonly used and that the larger 
diameter of the two passages tested experi- 
mentally gives more accurate results. 

My own experience bears out this con- 
clusion as it has been found that passages of 
as much as 4in diameter give records from 
which the rate of change of pressure can be 
satisfactorily deduced, providing that the 
volume of the passage is not enough to 
affect the compression ratio of the engine 
significantly. One further advantage of 
wider passages is that damping media can be 
deliberately introduced to reduce the effects 
of passage resonances. It has been found 
that quite simple devices such as a coil of 
wire or a piece of gauze, fitted into the indi- 
cator passage, can reduce the passage reson- 
ance to a tolerably small amplitude. As the 
author of the article points out, it is desirable 
that the damping of the passage should be 
approximately critical if optimum response 
is required. Too little damping results in 
amplification of pressure frequencies near 
the resonant frequency of the passage while 
too much damping causes attenuation of the 
higher pressure frequencies. In theory, a 
value of about 0-7 critical gives the best 
compromise between flat characteristic and 
extended frequency response. 

A few brief experiments with different 
amounts of damping media usually suffice 
to determine the amount required to provide 
optimum damping by just reducing the pass- 
age resonance to very small proportions in 
the observed indicator diagram. Admittedly, 
no expedient of this kind will enable accurate 
results to be obtained if the pressure fre- 
quencies which it is desired to measure are 
much higher than the passage resonance. In 
this case the author’s recommendation of 
a transducer having a diaphragm flush with 
the combustion chamber wall must be 
thoroughly endorsed. It may also be worth 
pointing out that, when dealing with detona- 
tion and suchlike pressure frequencies, the 
transducer itself must be free from mechanical 
resonances, i.e. its response time must be 
adequately high. 

R. K. VINYCOMB 

Electrical Gauge Application Engineer. 
Camberley, Surrey, 
December 22nd. 


RADIAL DRILLING MACHINES 


Sir,—I have noticed in the issue dated 
December 16th, that some of my remarks 
in the discussion on the two papers on 
“‘ Radial Drilling Machines’? have been 
misquoted. Unfortunately, one of the points 
I raised was censequently given a completely 
different meaning. The sentence quoted as 


““The lower response at the higher orders 
of internal modes of vibration is not really 
due to an increase in the effective dynamical 
stiffness, &c.” should read as follows : 
The lower response at the higher orders of 
internal modes of vibration is not really 
due to an increase in inherent damping, 
but to a very great increase in the effective 
dynamic stiffness when nodal points are 
introduced somewhere in the system. 
R. W. New 
Melton Mowbray. 
December 17th. 
[Our apologies are due to Mr. New.—Eb. 
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edition. By A. W. JupGe. London: 
Chapman and Hall, 37, Essex Street, 
W.C.2. Price 56s. 

SiNcE the first edition of this work was 
reviewed in these columns on August 9, 1946, 
a considerable amount of progress has been 
evident in petrol engine design and perfor- 
mance. A certain amount of this is shown 
in the descriptions of engines of unusual 
types which form one of the most valuable 
features of the volume. The selection of 
examples is, however, not always happy : the 
revival of desmodromic valve gear and the 
value of charge stratification are not con- 
sidered, neither ‘“‘ Mercedes”’ nor “ Jame- 
son” appearing in the index. In the dis- 
cussion of hemispherical cylinder heads, 
B.M.W. rather than Bristol might perhaps 
have been cited as an example of the applica- 
tion of down-draught carburettors to this 
type of engine, while the performance of the 
1939 “Manx” Norton is, perhaps less 
striking than that of later versions running on 
petrol. The section on turbo-superchargers 
does not hint at the existence of the highly 
efficient compound engine: in the same 
section we are surprised to see favoured a 
system of cooling the rotor blades by passing 
air through some of the nozzles. A number 
of errors in the original edition have been 
eliminated : others have not. The majority 
of references have been placed all together 
at the back of the book, and give some indica- 
tion ef the immense field this book sets out to 
cover. 
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Theory of Hydrodynamic Lubrication 
in Parallel Sliding 


W. LEWICKI, M.Sc.* 


The author believes that the analysis below is an improvement on Reynolds’ theory 
of lubrication and that it gives a simple explanation of many known phenomena, 
which were formerly thought to be due to a direct action of molecular forces 
or the formation of a thermal wedge, &c. It is also claimed that the new theory is a 
good approximate solution of the Navier-Stokes dynamical equation. Reynolds has 
also used it but in deriving his solution he has made some inadmissible assumptions 
and as a result he has entirely omitted the pressure contribution by the leading 
face of his plane slider. The leading face is in itself a convergent slider and even 
if the only lubricating medium is the film of air formed under the slider 
it is usually quite substantial on the scale of molecular dimensions. 


T is perhaps appropriate to start by saying 
# word or two about possible practical 
uses of the new theory of lubrication. For 
instance, in the case of commutator brushes 
in an electric machine it is found that the 
atmospheric air lifts the brushes clear off the 
surface by at least 1 micron per centimetre 
of the underface. Taking into account 
elastic deformations, &c., it seems that the 
prevailing gap could be several microns per 
centimetre. Graphite may be helping in 
keeping the surfaces smooth, but perhaps it 
does not contribute much directly as a 
lubricant. No doubt such estimates can be 
made for piston rings and other machine 
elements. This may be of value in under- 
standing the mechanism of surface wear and 
in devising practical preventative means. 

The present article is intended to be the 
first of a series describing various aspects 
of the theory where the slider is not neces- 
sarily parallel. The practical significance 
for research of the truly parallel case follows 
from it being not unlike the “ stick” stage 
in the well-known “ stick-slip” pattern of 
frictional behaviour. Really this is a hypo- 
thesis which gives a plausible explanation to 
what was thought to be the onset of the 
boundary lubrication ; it cannot be made 
quite clear without reference to further 
publications. 


REYNOLDS’ PARALLEL SLIDER 


As the title suggests, the hydrodynamical 
case considered in the first place is such that 
the leading face of the slider shears off all 
the lubricant, so that none remains along the 
interface between the slider and the moving 
plane. The free space in front of the slider 
called the inflow zone, is supposed to be 
flooded with the lubricant “ to infinity.” 

This scheme is somewhat fictitious physic- 

ally, as in reality it would perhaps be difficult 
to achieve anything similar to it without 
upsetting the experiment by the heat generated 
along the interface and also because of the 
material or geometrical obstruction by surface 
asperities, &c. However, analytically it 
provides a useful application since it leads to 
a relatively simple pattern of flow in front of 
the slider. 
__ Fundamental tions.—Consider an 
idealised Reynolds’ parallel slider, Fig. 1, 
with its leading face 0-y. The slider is at 
rest while the “‘ moving plane” 0-x has the 
velocity —U, directed inwardly as shown in 
the figure. Assume that the slider and the 
plane are both infinitely rigid and infinitely 
large in the x, y, z directions. 

The space in front of the slider (the inflow 
zone) is filled with an incompressible fluid 
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whose viscosity is a constant, i.e. it is inde- 
pendent of temperature, pressure, shear rate. 
Assume further that the inertia and body 
forces are negligibly small in comparison 
with the Newtonian viscous friction over the 
field of flow. Finally, assume that the flow 
is two-dimensional in the x-y plane and 
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zero in the z direction. Consider the slice of 
the fluid between the planes z=0 and z=1. 
Subject to the above idealising assumptions 
we apply Navier’s dynamical equations of 
viscous flow 
MA nV7U, 2 2 Oma eam. |S 


where p=pressure, 4 =viscosity, u, v, are the 
x and y component of velocity. Intro- 
ducing the stream function 4, such that 
ay ay 
u ay’ v= — ax (2) 
and eliminating p by cross differentiation, the 
two Navier’s equations are transformed into 
Stokes’ equation 


Ee re 


so that the hydrodynamic problem boils 
down to finding a function ¥ satisfying any 
given boundary conditions. 

Approximate Solution.—It was felt at the 
outset that the use of plane polar co-ordinates 
should offer an advantage over the Car- 
esians, because of the presence of the 
characteristic point at the origin 0 of Fig. 1. 
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It was apparent that there must be a pro- 
nounced symmetry within the field of flow, 
with respect to the origin. Since the field of 
flow visualised in its whole as a geometrical 
pattern had no obvious radial scale or 
measure, an idea was conceived that the 
terms of y* containing the derivatives of r 
must really be inoperative, or practically so. 
In order to discard these terms the following 
procedure was adopted. 

The flow in the z=0 plane of Fig. 2 is 
treated as purely radial in relation to the 
origin 0. In other words, a one-dimensional 
“ polar ” approximation is used, in which all 
the flow transversely to the radii is assumed 
to be nil. There being no cross flow, it 
follows that, within the approximation, the 
pressure gradient transversely to the radii is 
nil throughout. Hence all the p=const. 
contours are circular arcs round the origin. 

It follows that there are no tangential 
forces in the circumferential direction and 
that all the tangential forces acting on the 
radial sides of a volume element 1. dr. ds, 
where ds=r.d6, must balance the sum of the 
normal forces in the radial direction. That 
is to say, 
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where u is the local velocity in the radial 
direction. Since it was postulated at the 
outset that p is independent of 6, if r=const 
we have p independent of s. Hence, inte- 
grating (4) with respect to s, while r=const., 
dp/ér is a constant. We obtain thus 


since u= — U when s=0 (i.e. 9=0 in s=r. 9), 
u=0 when s=H, where H=r.f, i.e. the 
length of a complete p=constant arc. For 
a square-faced slider H=xr/2. 

The result (5) can be obtained, somewhat 
more rigorously, in the following manner. 
Since 9=s/r, 00/és=r—, and (06/és)?=r. 
Putting this into (4) we separate the vari- 
ables ; hence, 

0, Ou 
rng: - ss O 


Since p=p(r) and as 9 and r are independent 
variables, we must have u=u(9). Namely, 
(6) can only be satisfied if each side is a 
constant with respect to the other side, i.e. 
both sides are equal to the same arbitrary 
constant. Integrating the right-hand side 
while the left side is replaced by a constant 
and then putting back the left-hand side 
evidently leads to (5). 

The total flux across any surface r=const. 
must be zero, since there is no loss of fluid 
past the origin. In other words, 
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or Ho? pr? 
Integrating now with respect to r, if B=7/2, 
__24nU 
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(9) 


since p=0 at r=co. This is the principal 
result, used throughout the remaining part 
of the present article with the help of further 
approximations. It is noteworthy, however, 
that substantially the same result is obtained 
in a much more complete treatment, which 
will be published separately at a later date. 
Evidently, the whole of the neglected cross- 
flow is the shearing component, which does 
not materially contribute to pressure. 
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For completeness, note some outstanding 
points about the resulting pattern of flow. 
By putting result (8) into (5), we have for 
the rectangular slider, 


—-(-2\0-B, 


It is seen that the radial velocity of flow is 
zero all along the radial plane inclined to 
the moving plane at 


6=30 deg. (11) 


It is easy to show that whatever the angle 8, 
the u=0 and u=max. planes are situated at 
8/3 and 28/3 respectively, and that the 
maximum radial velocity is always 


U 


Umaz 3 


(10) 


(12) 


It is noteworthy that exactly the same pattern 
of flow arises in Reynolds’ solution by a 
one-dimensional approximation in the ortho- 
gonal co-ordinates. 

Returning now to the question of pressure, 
note a point of general interest. For an 
arbitrary angle 8 expression (9) becomes 


6nU 
Pa (13) 


If 8=180 deg. (the razor-blade problem) the 
pressure build-up is evidently a quarter of 
that of the square-faced slider. Note in 
particular that the pressure is then far from 
being zero. 


TRUE PARALLEL SLIDER 
In applying the “ polar” approximation 
to the parallel slider with a finite separation, 
h, between its underface and the moving 
plane we assume that the flux 4 is constant 
throughout, say, ¥:,9>=q all along the moving 
plane of Fig. 3. Since the length of the 
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p=const. contours along the interface 
obviously equals fA in its central part, we 
assume that it is the same all along. For the 
sake of dynamical continuity we also assume 
that the length H of the shortest p=const. 
contour within the inflow zone also equals h. 

Consider in the first instance the case where 
the pressure at the far end of the underface 
(the so-called outflow end) is zero, while 
the pressure at its leading end, say, p=pi, is 
equal to that resulting from the pressure 
build-up in the inflow zone. Beginning with 
the underface region, we have 


(14) 


where b is the length of the underface in the 
direction of motion. It is obvious that the 
pressure gradient should be a constant with 
respect to x because the stream-lines remain 
parallel to the moving plane. As u=—U 
at y=0 and u=0 at y=A, 
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Hence the flux along the moving plane is 


(15) 
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For the inflow region we have 
H*/0p\ UH 
ae (1 ee 
where H=nr/2 for the square-faced slider. 
Solving for dp/dr, integrating, and assuming 
p=0 when H=oo, we obtain 


G0) 


Since p=p; at H=h, putting for q its value 
(16), 


(18) 


a 
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It immediately follows that the load carried 


by the underface of a square-faced slider is, 
per unit width in the z-direction, 
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If the ratio h/b is small in comparison with 
x, the film thickness is simply 

3 7U 
h=— we - keg kg et 
If the leading angle of the slider is arbitrary, 
say, 8, 


(19) 


N= (20) 
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where the latter expression is an obvious 
approximation to the first, valid when h/b 
is small in comparison with 28. This, of 
course, does not take into account the par- 
ticipation of the leading face in the load 
carried. As a result of this with light loads 
and small 8 the film thickness may be sub- 
stantially more than that resulting from (22). 
Returning now to the square-faced slider, 
note from (21) that the numerical coefficient 
is conspicuously near to unity. Since N/b 
is the load per unit square of the under- 
face, we have, approximately, 


~W 
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where P=N/b=mean fluid pressure within 
the film. This form may be useful since it 
is so simple and easily memorised. 

In order to compute. the coefficient of 
friction we consider the tangential stress 
which the fluid layer imparts on to the moving 
plane along the underface of the slider. This 


: (5 *) y=0 


By (14), (19), 


(23) 


(24) 
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If T denotes the overall tangential force, per 
unit width of the slider in the z-direction, 


(25) 


T= [nto oF, (26) 


0 


Hence, the coefficient of friction »=T7/N, is, 
for the square-faced slider, 
m—2h/b ot 
b=— 33 (27) 
and in general 
2 
u=3(8—h/b) . 


The result (27) is interesting in several ways. 
First, it shows that a purely hydrodynamical 
friction can be as large as unity. Secondly, 
it shows that the coefficient of friction 
in a strictly parallel sliding is independent 
of viscosity, operating velocity and load. 


(28) 
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Thirdly, it suggests that the so-called 
“boundary lubrication under extreme pres. 
sure ’’ may, more often than not, be entirely 
hydrodynamical in its nature. 

In using result (28) for the coefficient of 
friction at an arbitrary leading angle 8 it 
should be remembered that it does not 
include the contribution of the inflow zone 
to the load carried and friction. If 8 is 
below, say, 30 deg., this contribution may 
be significant. The correction can easily be 
worked out from (14), (19), &c. 

It would be futile to attempt presetting 
the convergence angle at zero to insure 
parallelism of the slider since at the film 
thickness of, say, | micron per centimetre 
of the underface the film ratio (leading end 
film thickness to the trailing end thickness) 
of, say, 1-1 would be quite indistinguishable 
from parallelism by any orthodox means, 
and the film ratio of this magnitude might 
result in a drastic change of the film thickness 
and friction. It can easily be seen that in 
order to ensure a dynamical equilibrium the 
load should be applied at a third of the under- 
face, counting from the leading end. Note 
particularly that the central load would in 
general lead to a convergent sliding. 

For the far-end pressure along the under- 
face of the square-faced slider the following 
approximate relation is found 


e-(35) 


where Po, pi, are the pressures at the trailing 
and leading end, respectively. It is seen that 
ordinarily po would be quite = 
In general, however, this relation would 


Po= (x5) 


so that if 8 is of the order of a few degrees, 
the film thickness and friction may have to 
be corrected accordingly. 


(29) 
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EXPERIMENTAL WORK 


It is not known whether there has been 
any experimental work done in the past of 
the kind which could be helpful in the present 
investigation of viscous flow. It seems to 
be a matter of great difficulty to take reliable 
direct measurements of the pattern of flow 
in the immediate neighbourhood of the 
slider. The main difficulty is the minute 
size of the film and the necessity of using 
various models representing a part of the 
slider together with a portion of the moving 
plane on a magnified scale, say, 10,000 or 
‘100,000 times. 

Another difficulty in this work is apparent 
from the analytical part, namely, the flow 
in front of the slider is in the form of a 
u=constant pattern, extending to “ infinity.” 
It follows that the flow is affected by the 
(unwanted) boundaries of the fluid bath to a 
much greater depth than it would be with, 
say, an inertial flow. The experiments done 
so far were exploratory rather than exhaustive. 

Liquid Bath Experiments.—The first con- 
firmation of the hypothesis that the zero- 
radial-velocity contour should be a straight 
line at 30 deg. to the moving plane was 
obtained with the help of a 500 c.c. beaker 
filled with glycerine. The slider was repre- 
sented by a 6mm “ Perspex ”’ rectangle and 
the movement within the liquid could be 
followed by watching various small inclusions 
in it. At once it became obvious that the 
“* slider” must be held still and the vessel 
must be slowly rotated to and fro. It is 
surprising how misleading the observations 
are if this rule is not followed. 

An apparatus incorporating this principle 
is shown diagrammatically in Fig. 4. A tin 
box 1, 25cm by 30cm by 13cm deep, has a 
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built-in Swedish-board bottom 2, side walls 
3, and the “ moving plane” 4, the latter 
pressed against the’side walls and the bottom 
plate by the springs 5. The maximum dis- 
placement of the “moving plane” was 












































—5 
i NG L—4 
a 
SECTION AA. 
Fig. 4 
limited to 5mm by stops. The box was 


filled with about 6 litres of glycerine and a 
layer of fine air bubbles 6, prepared in a 
separate sample of glycerine, was laid in the 
body of the viscous liquid at about 3cm 
from the surface. The pipette for discharging 
the frothy sample was held by a lever so that 
it could be swung round the origin 0 at a 
constant immersion depth, while its distance 
from the origin could be varied. In this 
manner a series of arcs of the air droplets 
was formed, following the presumed shape 
of the p=const. contours within the liquid. 

A mirror was placed at the bottom all 
along the moving plane to help in viewing 
the droplets vertically. The required action 
was induced by pushing the moving plane 
to and fro slowly by hand, all arcs would 
bulge partly backwards and partly forwards 
in the alternate directions. The position of 
the neutral line (u=0) was taken to lie where 
there was rotation only but no radial dis- 
placement of the arcs, its position was traced 
on a clean “ Perspex” plate placed on the 
top of the box, through which the arcs could 
be viewed. As far as could be judged, there 
was a perfect coincidence of the position of 
the neutral line with the theoretical angle at 
30 deg. from the moving plane. However, it 
cannot be claimed that the resolving power 
of the method was better than, say, plus or 
minus | deg. at r=4cm. 

Elastic Plate Experiments.—Rayleigh (1893) 
noticed a remarkable analogy between 
Stokes’ equation of two-dimensional viscous 
flow in terms of the stream-function » and 
the theory of the flexure of an elastic plate. 
If %» stands for the normal deflection the 
analogy is complete and equation (3) applies 
equally well to an unloaded thin elastic plate 
extending over the whole (x, y) region of 
flow and clamped along the boundaries at the 
angle 
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Accordingly, the clamping angle is zero all 
along the 0-y boundary and it is constant 


(31) 


at some finite value all along the 0-x. 


boundary, as shown in Fig. 5. The equal 
elevation contour lines (%)=const.) of the 
deflected plate become then identical with 
the stream-lines and the equal slope.contours 
(84,/@n =const.) are identical with the con- 
stant velocity contours (u?+v*=const.). 
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Further details will be understood from the 
experimental description given below. In 
genera), the method was found very informa- 
tive and capable of a very much higher 
accuracy as compared with the liquid bath 
experiments. 

A 25cm square of 0-6mm “ Bakelite, ” 
Fig. 5, was laid on a tool-maker’s cast iron 
plate and one of its sides was clamped flush 
to it with the help of 3mm by 20mm ground 
steel strip, so. that one of the adjoining edges 
of the square protruded 3cm evenly beyond 
the edge of the plate. Both faces of the 
protruding edge were then lined with similar 
ground steel strips with the help of small 
““G” clamps placed at short intervals, to 
form a rigid boundary representing the 
moving plane of Figs. 3 and 5, which could 
be bodily twisted at about 15 deg. The 
free space between the lined edge and the 


edge of the plate was Icm all along, repre-. 


senting the film thickness of the parallel 
slider. After twisting at 15 deg. care was 
taken to hold the overhanging edge quite 
parallel to the plate (the condition })=const. 
at the boundary) with pure twisting moments 
and no pressure up or down. The direction 
of twisting at 15 deg. was, of course, to lift 
the “* Bakelite’’ square off the plate. The 
o9=const. contours were traced directly on 
the deflected surface. 

An important finding, very helpful in the 
general understanding of the hydrodynamical 
problem, was that the flow along the inter- 
face is not at all a diffuse leakage from all 
over the inflow zone. On the contrary, the 
whole of the liquid forming the film along 
the underface of the slider is derived from a 
narrow wedge-like region, below the y=0 
stream-line of Fig. 6. This critical stream- 
line is seen to be issuing from the subsidiary 
origin (0, A) and tending asymptotically 
towards the moving plane. The feeding 
region underneath it is, of course, highly 
pressurised and is in effect an extension of 
the “ proper” film. It follows that in reality 
the “film” extends all over the moving 
plane, not unlike the laminar film of aero- 
dynamics. 
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The u=0 contour-line is found to originate 
also at the subsidiary origin (0, A) and it 
proceeds asymptotically towards the 30 deg. 
radius from the origin (0, 0). It appears to 
merge with the radius at the distance of the 
order of 10h from the origin. The liquid 
contained between the ~=0 and u=0 lines 
begins by moving inwardly, it crosses the 
u=0 line at an apparently constant transverse 
velocity (v=maximum) and eventually is 
turned back by spreading it over the region 
above the u=0 level. In this picture u is 
interpreted as the velocity along curved 
radii. Above u=0 these radii issue from the 
point 0, A, while below. they proceed from 
under the slider as a continuation of the 
u=const. parallel contours of the underface 
re 
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gion. 

The -field above the ¢=0 contour is the 
counterpart (the distorted version) of the 
whole (r, 9) field of the Reynolds’ parallel 
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slider. The orthogonal field becomes, as 
it were, slightly compressed at its tip.. The 
distortion is wholly upwards and it is pecu- 
liarly small, since at no place does it exceed h. 
The action of returning the fluid pressurises 











Fig. 6 


the film just in front of the slider. The effect 
is purely viscous, but not unlike that obtained 
with the inertial flow. 


CONCLUSION 


A purely hydrodynamical friction can be 
as high as »=1 and more, even though the 
only lubricant may be no more than the 
atmospheric air. It follows that the pos- 
sibility of the existence of a multi-molecular 
film must not be overlooked in any account 
of frictional wear, &c., at the risk of the 
account being unrealistic. 

Thanks are due to Dr. R. Furth for reading 
the draft of this article and his very helpful 
remarks. 





Commissioning of Two Scottish 
Hydro-Electric Power Stations 


Tue North of Scotland Hydro-Electric 
Board has brought into commission the 
Quoich power station in Inverness-shire and 
the first machine of the Errochty power 
station in Perthshire. The Quoich station, 
which has an installed capacity of 22MW, is 
the upper station of the Garry scheme. The 
station houses a 30,000 b.h.p. horizontal- 
shaft Francis turbine directly coupled to an 
alternator rated at 22MW. The turbine 
is fed through nearly 3 miles of tunnel by 
water impounded in the reservoir formed by 
raising the level of Loch Quoich. A rock-fill 
dam, 1000ft in length and 122ft high to spill 
level, has been built at the east end of the 
loch and two concrete gravity dams at the 
watershed. The Errochty power station, 
when fully commissioned, will have three 
25MW sets operating under a gross head of 
610ft. A tunnel 6 miles long connects the 
power station to Loch Errochty, which has 
been formed by a diamond-headed buttress 
dam, 1310ft long and 127ft high ; although 
not yet completed, the dam is storing water 
for the operation of the generating plant. 
The station building, set back in a quarry- 
like excavation, is faced with variegated stone 
dug out of the tunnel. The Errochty scheme 
was fully described in THE ENGINEER of 
September 2nd to 23rd last. 





Ctvit ENGINEERING SCHOOL AT PADDINGTON 
Sration.—A school for training probationers for 
posts on the technical staff of the chief civil engineer 
has recently been opened at Paddington Station by 
British Railways, Western Region. It is hoped b 
this means te overcome the shortage of technical st 
in this department of the railway ; already thirty 
youths and three young women have been enrolled. 
Training, which is given by members of the staff of the 
chief civil engineer, consists of drawing office practice 
and elementary surveying and levelling. Pupils are 
paid during training and will have facilities for obtain- 
ing technical qualifications. 
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275kV Switchgear at Drakelow 


jh recent commissioning of the 275kV 
Drakelow-Staythorpe transmission line of 
the super-grid gives topical interest to a descrip- 
tion of the 275kV switching station at Drakelow. 
When it is completed this switching station will 
be one of the largest in the United Kingdom, 
with provision for controlling fourteen circuits, 
seven of which are now installed. 

The station is an example of low double-busbar 
layout, the busbars being of 3in diameter rigid 
copper tube carried by the isolator and by inter- 
mediate post insulators. The isolators and post 
insulators are mounted on reinforced concrete 
pedestal structures to give the necessary ground 
clearance to the busbars, while the circuit 
connections are in the form of flexible conductors, 
crossing above and at right angles to the busbars 
and strained between reinforced concrete 
A-frames. Riser connectors from the busbar 
selector isolators and down-dropper connectors 
to the circuit-breaker and its associated equipment 
complete the circuit connections. 

At present the main and reserve busbars are 
each single section, with a busbar coupler circuit- 
breaker provided between them, but ultimately 
the main busbar will be divided into three 
sections with busbar section and busbar coupler 
circuit-breakers. Circuit-breaker by-pass isolators 
are not provided, but there are facilities to by-pass 
a circuit-breaker by flexible conductor loops and 
to isolate it by removing connector sections. 
The circuit can then be controlled by the busbar 
coupler circuit-breaker and extended maintenance 
of the circuit-breaker undertaken, if required, 
with the circuit still in commission. 

The circuit-breakers (one of which can be seen 
in the accompanying illustration) are Reyrolle 
“* 2750B30”’ air-blast equipments of° 1200A 
maximum current rating and 7500MVA making 
and breaking capacity, and are mounted on 
reinforced concrete pedestal supports to give the 
necessary clearance from live metal to ground 
to avoid the need for safety screenwork. 

Each phase of each circuit-breaker is identical, 
but all three are coupled together by series-break 
arm-operating shafts and by suitable air piping 
to ensure that all three phases operate simul- 
taneously, when required to operate, even in the 
event of failure of the closing or tripping valves 
of any phase. Each phase consists of three 
hollow support insulators mounted on a common 
bedplate, each with a porcelain blast pipe inside 
and each surmounted by two interrupter units 
in V-formation, so that there are six circuit 
interrupters in series per phase. Correct voltage 
distribution across the breaks is obtained by 
shunting each break by a suitable tubular con- 
denser which also forms part of the blast tube 
to the circuit-breaking contact and nozzle 
assembly. 

There are three blast valves per phase, and 
they are coupled together by a heavy section 
tubular torque shaft and operated by a single 
piston air motor. The compressed air is stored 
at 330 lb per square inch gauge in one receiver 
per phase and is controlled by a compact pilot 
valve arrangement initiated by a relatively small 
operating magnet. Air economy is maintained 
by a changeover valve operated by the series 
isolator mechanism, which, when the isolator 
is opened sufficiently, transfers the air pressure 
to the other side of the blast valve motor and 
closes it rapidly. 

The series-break sequential isolator, which is 
an intergal part of the circuit-breaker, is of the 
centre-rotating form and bridges the gap from 
the end interrupter to a terminal post carried on 
the bedplate. The series-break isolator arm is 
carried by a porcelain insulator rotated by a 
double-acting piston air motor, which is supplied 
with air, when opening, from the nearest blast 
pipe of the circuit-breaker, so that it only operates 
after the blast valve is opened. In closing, the 
circuit is made on the series sequential isolator 
at an appropriate speed. The closing valve is 
identical with the tripping pilot valve mentioned 
above. Interlocks are provided in the air system 
to prevent -mal-operation of the circuit-breaker 
under any forseeable operating conditions. 

Inside the circuit-breakers there are, of course, 


many plain insulation surfaces in air and pre- 
cautions have been taken to prevent any con- 
tamination of these surfaces. First, there is no 
insulation close to the arc, which is completely 
contained in its own metal chamber ; the nearest 
insulation is some distance from the arc on the 
“ windward ”’ side of the air blast so that there 
can be no contamination from the products of 
the arc. Secondly, wherever possible, porcelain 
only is used for insulation, including the main 
blast pipes. The only other insulation used in the 
circuit-breaker is the voltage distribution con- 
denser, which is built up from high quality non- 
hygroscopic bakelised paper. Thirdly, the whole 
of the internal insulation surfaces are continually 
swept by very dry conditioning air which is 
expanded from the storage pressure to a few 
pounds above atmospheric pressure. 

All the controls and air system isolating valves, 
the pressure gauge, conditioning air reducing 
valve, choke and conditioning air flow indicator, 
local remote changeover switch, automatic shut- 
down valve, emergency trip valve, supply fuses 


One of the 275kV 
Authority. These circuit-breakers have a making 
fourteen 


and links are contained in a separate floor- 
mounting control cubicle mounted parallel to 
one phase of the circuit-breaker. 

The isolators are of The General Electric 
Company’s manufacture, to a_ standard 
design developed for the Authority, and are of 
the double-rotating, two-post design, with a 
special ball-and-socket form of high-pressure 
contact. They are all provided with power 
operation mechanism and the busbar selector 
isolators are arranged in tandem while the three 
— of the circuit isolators are ganged side by 
side. 

Only the busbar selector isolators are arranged 
for remote operation from the control room, 
but they are all fully interlocked with the circuit- 
breakers to prevent their operation unless the 
appropriate circuit-breaker is open. 

The current transformers are of Reyrolle 
manufacture and are of the post type, mounted 
independently of the circuit-breaker. The primary 
conductor is U-shaped, fully insulated for the 
system voltage with condenser grading layers 
and a metal earth screen. The cores and 
secondary windings are of the orthodox con- 
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tinuous ring form mounted in a steel chamber 
over the bottom section of the U-primary, the 
top end of which is contained in a single porcelain 
insulator surmounted by a metal connection 
chamber. The whole assembly is vacuum dried 
and oil-filled using condenser oil, and the top 
chamber is provided with a nitrogen sealing 
device with a breather incorporated. Four or 
five independent secondary windings are provided , 
for instrumentation and protection services, with 
suitable tappings and test windings to give the 
maximum facility for interchangeability and for 
site testing. 

The voltage transformers are also made by 
the same firm. They are capacitor equipments, 
being more compact than would the equivalent 
electromagnetic equipments and having a high 
impulse strength. The actual transformer core 
and winding assembly is relatively small, since 
it is designed for operating at a much lower 
voltage than the line voltage, and is coupled to 
the line by means of a capacitance divider which is 
incorporated in the construction and is connected 
between line and earth. The condenser section 
between the transformer primary h.v. winding 
and the line is contained in two separate oil-filled 
porcelain housings mounted above the earthed 
metal chamber which accommodates the trans- 


a 


air-blast circuit-breakers at the Drakelow switching station of the Central Electricity 


capacity of 7500MVA. Seven of the 
installed 


-and-breaking 
circuits to be controlled at Drakelow are already 


former and the condenser connected between the 
h.v. winding and earth, i.e. in parallel with the 
h.v. winding. The metal chamber is filled with 
oil, but has two air-filled sections with access 
covers in which are accommodated the spark 
gap device and the secondary terminals and fuses. 

The compressed air for operating and con- 
ditioning the circuit-breaker internal insulation 
is obtained from batteries of 30-cubic-feet-per- 
minute air compressors which deliver air at a 
pressure of 600lb per square inch gauge to 
batteries of main storage cylinders, each of 38 
cubic feet actual capacity. The air is stored at a 
higher pressure than the operating pressure for 
the circuit-breakers, so that the risk of water 
condensation in the 330 lb per square inch pipe- 
work and local receivers is practically eliminated. 
Furthermore, the reserve storage capacity is 
thereby considerably increased and the rate of 
refilling the local air receivers is considerably 
accelerated. The local air receivers are sufficient 
for two make-break operations per circuit- 
breaker and the main air receivers provide 
additional capacity which is available to any 
circuit-breaker which requires it. The com- 
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ressors are automatic in operation and auto- 
matic valves at the circuit-breakers and in the 
compressor house, with appropriate alarms, 
provide continuous supervision and protection 
against faults which might develop in the air 
system, so that there is no danger of the switch- 

r being rendered impotent by air failure. 

The switchgear is controlled from the generat- 
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ing station by 110V direct-wire control: The 
control board is of the cubicle form with separate 
control cubicles for each circuit with a mimic 
diagram and the usual instrumentation and 
synchronising facilities. The protective relays 
are mounted as separate protection cubicles, 
accommodated in the auxiliary plant building 
on the switchgear site. 


Automobile Gearbox Factory 


UTOMOBILE gearboxes have been made at 
A the Park Gate Works of David Brown 
& Sons (Huddersfield), Ltd., for over forty years 
and recently a separate division of the main works 
engaged in this class of production was moved 
to a new building adjacent to the works. The 
new factory building has a floor area of some 
44,000 square feet, and in addition to the main 
machine shop and assembly area, incorporates 
a heat treatment section, test plant, stores and 
offices. This transfer of the automobile gearbox 
division has not only provided additional space 
for the extension of other departments in the 
main works, but has also made possible the 
introduction of new plant and facilities to in- 
crease gearbox production. 

The company manufactures sixty variations 
of sixteen basic gearbox models, and although 
production is varied and adaptable to suit 
special requirements the gearboxes fall generally 
into two categories—for light commercial vehicles 
and for heavy transport vehicles. This division 





tion of ancillary parts such as speedometer 
drives, synchromesh mechanisms, change-speed 
lever knuckles, control rods, selector forks, 
driving couplings, &c. At the end of their 
production line, the gear cases are delivered 
into a large stores. Those components requiring 
heat treatment first pass into a special heat 
treatment section before being finally ground 
and delivered to thé finished parts stores. 

In the heat treatment section, all gear parts, 
which are made in En. 36 or En. 39 alloy case- 
hardening steels, are gas carburised in a horizontal 
radiant tube furnace, and heated for plug, die, 
or free quenching in an atmosphere-sealed, 
electric rotary hearth unit. All work in the heat 
treatment section is handled on horizontal 
conveyors and is quenched on ram-operated 
tables in oil tanks set immediately under the 
furnace doors. ll parts other than gears 
are diverted into two other heat treatment lines. 
On these lines, the parts to be case-hardened 
are processed on jig carriers through a 





Part of the assembly and fitting section for gearboxes 


also supplies all the gearboxes for Aston 
Martin and Lagonda cars. Generally the produc- 
tion flow through the works is arranged in two 
sections—one for cases and the other for the 
component parts. Incoming materials in the 
form of castings and bar stock are delivered to, 
and stored in, one end of a large basement at 
one end of the factory, whilst stampings and 
forgings are kept in a large stock yard outside 
the building. The opposite end of the base- 
ment is used as a store for the sets of jigs and 
fixtures used for the different types of gearboxes 
in production. 

The cases and main gears and shafts are 
machined on two main production lines down 
the length of the factory using the latest tech- 
niques and equipment. In addition to the two 
main flow lines in the machine shop a large 
amount of equipment is installed for the produc- 


mechanised salt bath line. Those to be 
surface-hardened are fed into the work- 
head of an induction heating set, where the com- 
ponents are continuously processed with auto- 
matic gear. Facilities also exist for the high 
frequency equipment to be used in the local 
softening and tempering of parts. 

All three heat treatment lines converge at a 
point where low-temperature tempering, shot- 
blasting and other ancillary operations can be 
carried out. The work, after inspection, is 
loaded on to racks for final grinding. 


GEARBOX ASSEMBLY AND TESTING 


At one time the automobile gearbox division 
dealt with customers’ requirements and gave 
quick deliveries by assembling the precise 
number and type of units required almost on a 
daily demand basis. Following -its establish- 
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ment as a separate division, however, a new 
approach was called for to enable output to keep 
pace with the demands. Utilising the general 
classification of gearboxes into light and heavy 
categories, assembly methods were revised. 
First, it was decided that certain types of gear- 
boxes should pass through assembly on a cycle 
basis, each cycle covering a four-week period. 
Secondly, sub-assemblies were introduced on 
certain types of gearboxes: shafts were fitted 
with gears and stored in readiness for assembling 





Testing passenger vehicle gearboxes under service 
conditions in a soundproof cubicle. This test plant is 
driven by a six-cylinder diesel engine 


in boxes during the appropriate week of each 
month, selector rods and forks were fitted in the 
case, and wherever possible ancillary assemblies 
were attached prior to main assembly. These 
two changes helped in bringing about the required 
increase in production, but left the necessary 
degree of flexibility to meet special and urgent 
demands. One part of the assembly shop can 
be seen in the accompanying illustration. 

After assembly gearboxes are filled with oil, 
and then run-in, a gear at a time, on a motor- 
driven dynamometer test plant running under 
light load. Ease of engagement is also checked 
at this stage. Subsequently the gearbox is passed 
to a loading dock in the basement for dispatch. 

Alongside the storage area adjoining the load- 
ing dock are two sound-insulated test cubicles 
in which gearboxes are run under actual service 
torque conditions. A six-cylinder diesel engine 
drives the plant which is used to test heavy 
commercial vehicle and passenger vehicle boxes. 
In these test plants, one of which is illustrated 
on this page, the operator controls running 
speeds and gear changes by accelerator and 
clutch and also applies variable load. Gearbox 
noise, which must be kept to a minimum 
to be acceptable for coach service, can be 
determined, and gauges indicate the speed and 
load conditions. 

A smaller test plant powered by a four- 
cylinder petrol engine is available for testing the 
units for Aston Martin and Lagonda cars. In 
the case of gearboxes built for racing cars the 
testing is exceptionally severe. These gearboxes 
are run for eight hours at maximum engine speed, 
after which all parts are inspected and crack. 
detected before being finally approved. 





VENEZUELA OL REFINERY.—We are informed that 
the Cia. Shell de Venezuela is to have constructed a 
20in diameter pipeline between the La Paz oilfield 
and the Cardon refinery on the Paraguana penin- 
sular. The pipeline will be 177 miles in length and 
able to deliver 106 million cubic feet of gas per day. 
A fourth distillation plant is to be built at the Cardon 
refinery and will, together with the catalytic cracking 
and alkylation units now under construction, have 
an annual intake capacity of 4,000,000 tons. 
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Improved Remote Control Switch 


A SMALL remote control switch suitable for 
single-operator boards in complex control 
schemes has been developed by the General 
Electric Company, Ltd., Magnet House, Kings- 
way, London, W.C.2, in conjunction with Messrs. 
- McLellan and Partners. A good example of the 
compact assembly that can be obtained with this 
switch is illustrated in Fig. 1, which shows a 


ane 


Fig. 1—Control desk oe a typical. arrangement embodying a new design 


remote control switch 


console control desk built for the Steel Company 
of Wales. The switches are mounted at 15/,.in 
centres horizontally and 6in vertically, and are 
secured to the panel by two fixing screws which 
are themselves drilled and tapped to take the 
fixing screws for the nameplate. The console 
design shown can be extended to three manuals, 
and up to 180 switches can be arranged within 
easy reach of one operator when seated. 

The switch is designed for a continuous rating 
of 20A and is stated to be capable of breaking 
an alternating current of 30A at 240V and of 
breaking, on 220V dc., 1A in an inductive 
circuit and 2-5A in a pure resistance circuit. 
Each switch is flash tested at 4000V at the works. 

As illustrated in Figs. 2-4, the switch com- 
prises two main components—the switch body 
and the removable switch assembly. The body 
is moulded in two halves which are sealed and 
riveted together (Fig. 2) to give maximum pro- 
tection against dust and moisture. Silver-faced 
fixed contacts and the heavy duty terminal screws 


THE ENGINEER 


are integral with the switch body so that wiring 
may be made permanent. 

The removable switch assembly (Fig. 3) is a 
plug-in assembly with phosphor-bronze spring 
contacts. It is seen partly dismantled in Fig. 4, 
which shows the arrangement of the component 
parts. It can readily be withdrawn by compress- 
ing the finger grips at the back of the unit so 
that in the event of faulty operation a spare 
unit can be inserted with minimum interruption 

to production. 

The switch can be 
arranged as a two-way 
changeover switch with 
or without spring return 
to “off”; a change- 
over switch without a 
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central “ off’. position, or a changeover switch 
with spring return from top or bottom position 
only. These four variations can be achieved with 
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Fig. 3—The removable movement of the remote control 
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the help of a four-sided cam plate which can be 
refitted, on site, in any one of four ways according 
to the duty required. In Figs. 3 and 4 the four. 
position cam plate can be seen in engagement 
with the roller fitted at the end of the operating 
lever, which is of moulded construction. 





Simplified Vehicle Ramp 


Tue need for a supply of power to a vehicle 
inspection ramp is completely obviated in the 
** See-Saw ’”’ ramp now being supplied by E. F, 
Allchin' and Co., 137, High Street, Aston, 
Birmingham. A ramp for vehicles up to 2 tons 
in weight and 9ft 6in in wheelbase weighs only 
3cwt and can be assembled in a few minutes, 


A vehicle on the see-saw ramp can be tilted into a horizontal 
attitude 


A similar ramp for 10ft 6in vehicles weighs 
44. cwt, and both of them raise the vehicle 
roughly 4}ft in the attitude illustrated, or 3ft 
when the ramp is horizontal. 

After the vehicle has been driven up the ramp, 
it can be secured with chocks fitting into serra- 
tions on the runners. One man can balance the 
car in the level position, when struts at the enter- 
ing end support the ramp, which is constructed 
entirely in light alloy. There is also a version for 
goods vehicles. 





Manufacturing Activity in 
Australia 

THE Department of National Development 
of the Australian Commonwealth Government 
has just released in Australia the latest six- 
monthly survey of manufacturing activity. 

This survey, dated October 31, 1955, is one 
of a series undertaken by the Department of 
National Development at six-monthly intervals, 
to ascertain quickly and accurately the current 
level of activity in key manufacturing industries 
in Australia. The survey is based on returns 
from selected. industries throughout Australia 
and covering those industries likely to show 
early evidence of significant trends and changing 
conditions. By this means, it is hoped to pro- 
vide a guide of the manufacturing trends for 
government departments and business men, both 
in Australia and abroad, planning programmes 
for production, sales or investment. 

The industries chosen for survey employ only 
slightly less than half the total number of persons 
engaged in manufacturing. The coverage within 
the examples taken ranges from 100 per cent 
in industries concentrated in the hands of a few 
companies to 20 per cent or less in industries 
consisting of a large number of small firms. 
As a general rule, a representative sample cover- 
ing about 50 per cent of each industry selected is 
attempted. 

The survey is divided into two sections, viz. 
a general report and a series of reports on selected 
industries. The general report gives a concise 
account of the conclusions drawn from the survey 
and should be of use to those with Australian 
interests as an authoritative statement on the 
manufacturing aspect of the Australian economy. 

The reports on selected industries embody the 
more important industry studies upon which 








icle 
the 


On, 
ons 
nly 





i 






Dec. 30, 1955 


the general report is based and include much 
up-to-date and detailed information. 

The Minister for National Development, 
Senator W. H. Spooner, in a press statement 
when the survey was released, said it was hearten- 
ing to find so much of the present manufacturing 
development in fields which would contribute 
to the nation’s strength. The survey indicated 
that investment in manufacturing industry was 
concentrated chiefly in industries producing 
basic materials and equipment—much of which at 
present was imported. Mr. Spooner went on to 
say that only about one-third of the value of new 
manufacturing projects started in Australia 
since 1945 had been undertaken by companies 
wholly or partly owned by overseas interests. 
Most of these projects had been designed to 
produce goods previously imported. A five- 
year programme now being carried out by the 
Broken Hill Pty., Ltd., would reduce greatly 
Australia’s dependence on imported steel. Four 
big oil refineries and one smaller unit, costing 
more than £100 million, either already in opera- 
tion or about to begin operations, would bring 
total processing capacity to eight million tons of 
crude oil a year—almost sufficient to meet Aus- 
tralia’s requirements. 

Local manufacture in the motor vehicle 
industry, said the Minister, would represent 
the equivalent of at least 120,000 of the 230,000 
new vehicles registered in Australia in 1954-55, 
and by 1958 local manufacturers should be pro- 
ducing the equivalent of at least 170,000 vehicles 
a year. Local companies had begun exporting 
motor vehicles on a small scale and prospects 
appeared encouraging. 


Machining Alumina and Synthetic 
Sapphire Rods 


AN interesting workshop technique recently 
developed at the Research Laboratories of the 
General Electric Company, Ltd., enables fine; 
deep helical grooves to be cut in very hard and 
brittle materials such as alumina and synthetic 
sapphire. So far, as many as twenty-eight threads 
per inch, each 0:035in deep and 0-028in wide 
have been cut in rods }in in diameter. This 
leaves a web of material 0:007in to 0-008in 
thick and a residual solid core rod only 0-055in 
in diameter, so the operation calls for the utmost 
care during cutting to avoid breaking the rod. 

The rods are used as supports for heater fila- 
ments in certain special kinds of valve. Alumina 
and synthetic sapphire are both very hard and 
brittle, and it has been a problem to machine 
them to provide a suitable support. Under the 
present technique a deep helical groove is pro- 
vided along the length of the support rod, so 
that the heating element, consisting of either a 
single coil or a coiled coil of very fine wire, can 
be wound on to it. The heater is thus positively 
and securely located on the support rod, which 
facilitates its assembly in the valve. é' 

For the machining technique developed the 
grinding spindle of a standard tool post grinder 
was shortened to reduce vibration. The cutting 
wheel used is a 3in diameter resin-bonded diamond 
loaded wheel running at 6000 r.p.m. The wheel, 
which is 0-026in thick, is mounted on the spindle 
which is set at the desired helix angle, in this 
case 5 deg. 12 min. The alumina or sap- 
phire rod to be machined is held at one end 
in a small lathe collet mounted on the end of a 
lead screw having the desired number of threads 
perinch. The free end of the ceramic rod passes 
through and is supported in a bush which has a 
cut-a-way portion to expose the ceramic. This 
Cut-a-way portion coincides with the position of 
the wheel, thus giving support to the ceramic and 
preventing fracture during cutting. The full 
depth of the cut is made in one operation so 
that side pressure is taken on the bulk material 
and this prevents chipping of the web. The 
ceramic rod is carried past the wheel by turning 
the lead screw supporting its collet by hand, and 
the time taken to cut a thread of 28 T.P.I. lin 
long is about five minutes. 








POWER FARMING CONFERENCE.—The sixth National 
Power Farming Conference is to be held at the Winter 
Gardens, Bournemouth, on Feb 7th, 8th and 9th 
next. The aim of the conference will be to emphasise 
how, by using the latest methods and equipment, 
— of the land can be increased and costs 
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Continental Engineering News 


The Future of German Atomic Energy 


Following his recent visit to British 
atomic centres, the Federal Minister for Atomic 
Questions, Herr Franz Josef Strauss, has out- 
lined his country’s plans with respect to research 
and the utilisation of atomic power. Consider- 
able funds, the Minister said, were required from 
the Federal Government, from the Lander and 
from industry if the present ten to fifteen years’ 
lag was to be made up quickly. To achieve this 
was essential 
the leading industrial countries of the world. 
Cost of coal for generating electric power was 
highest in Germany and reserves amounted to 
only about 50 per cent of the British and 40 
per cent of the American resources. The country 
had been forced to use high-grade anthracite in 
power stations, as well as lignite, whereas it would 
have been better to reserve high-class fuels for 
the chemical and processing industries, foundries 
and export. In consequence, the importing 
of expensive foreign coal had become necessary. 

By 1970 annual electricity demand was 
expected to reach 170,000MWh, and only a 
fraction of this could be generated from home- 
produced coal, oil and gas, and from water- 
power. If Germany was able to put into 
operation atomic power stations by then this 
would be a highly satisfactory result, for even the 
United States, where many workers had been 
engaged on this problem and 15,000 million 
dollars expended, was not likely to have an 
economic power station for several years yet. 

The production of radioactive isotopes was 
another important field of application of atomic 
energy. In America some 1000 industrial under- 
takings used: isotopes in research and develop- 
ment, thereby saving annually some 100,000 
dollars. In Germany, radioactive isotopes had 
so far been used only in scientific research and in 

To get the urgent atomic programme under 
way, a start would be made shortly with the 
setting-up of a corporation entrusted with the 
construction of a reactor at Karlsruhe, due to 
begin in March, 1956. Control of this corpora- 
tion would be shared between the Federal 
Government, the state of Baden-Wiirttemberg, 
and private industry. Completion is expected in 
two-and-a-half to three years, and of the cost 
of some DM.40,000,000, DM.15,000,000 would 
be contributed by the Federal Government, 
another DM.15,000,000 by Baden-Wiirttemberg, 
and the remainder by private industry. Further 
reactors would be built and institutes and 
university chairs for nuclear physics endowed, 
both by the federal states and by industry. This 
programme would be greatly assisted by the 
delivery from the U.S.A. of 6kg of enriched 
uranium, and the exchange of technical informa- 
tion which were envisaged by the so-called 
“Standard Agreement” which Germany was 
aiming to conclude with the United States. 

The Minister said that he hoped for efficient 
co-operation between all governmental and 
industrial agencies concerned, notably his 
ministry and the atomic energy commission 
which was shortly to be set up by the Govern- 
ment. The main difficulty the programme would 
have to contend with was the shortage of qualified 
staff. Training of scientists and technicians 
would have to be arranged, both at home and 
abroad. 

Internationally, close co-operation would be 
necessary, not only through bilateral agreements 
with the United States and Great Britain, but 
also through integrating the free European 
countries. This was 
since probably the Federal Republic could 
never by itself afford to enrich natural ura- 
nium in large quantities. Co-operation in 
the field of uranium and power production 
between the countries of the European Coal and 
Steel. Community would in the long run seem 
to be the most practicable answer to this problem 
of economic size. Close legislative and practical 
co-operation was also required to guard against 
the dangers from.radioactivity, particularly from 
river pollution by radioactive wastes. A third 
question was that of a common European 
market for raw materials, industrial opines 
and manpower; which was important for 


if Germany was to remain among © 


particularly important - 
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reasons of economy and of safety. The subject 
of European co-operation was at present being 

~. discussed by the cabinet, and the Federal Repub- 
lic and’ other countries concerned intended to 
speed up negotiations in this sphere. 


F.B.I. Mission to Austria 


With the signing of the Austrian State 
Treaty in. May and the cessation of foreign 
occupation, it was apparent that considerable 
re-equipment and a further increase in industrial 
activity might be e: The Federation of 
British Industries therefore consulted its counter- 
part in Austria (the Vereinigung O6csterreich- 
ischer Industrieller) and decided to send a small 
mission to Vienna in connection with the re- 
equipment of factories and public services. The 
mission consisted of Sir John Duncanson as 
leader and six expert members nominated by 
particular trade associations. They were accom- 
panied by Mr. E. S. Taylor, of the F.B.L, 
Europe and Near East Department, to whom 
any questions concerning the mission should be 
addressed. The mission assembled in Vienna on 
October 26th and spent three full days there. 
Its report, now published, contains a general 
section and seven sub-sections dealing with 
engines and locomotives, chemical plant, 
machine tools, building plant, oil equipment, 
electronics, and textile machinery. With the 
facts of the Austrian import trade being as out- 
lined in the following table, the mission 
considers that co-operation with Austrian in- 
dustry with a view to a more active British 
participation is urgently required. Although 


Austrian Imports in £ Millions 


Percentage 
1953 1954 change 
Total ce  yerer se it «ae SBD ~ ice ae 
te ne Germany... ... ‘ai aoe S sis be 
nited Kingdom ... ... vou Rae 
ly cans teas Sia ee 134 20.—«t«wsss (is +48’ 
Switzerland ... ... ... 8 12... +50 
U.S.A. (including direct 
pS Se ee 223 143 ... —35 


latterly the Austrian balance of payments has 
become less favourable, a notable economic 
recovery has been achieved, particularly since 
1953, and this is now coupled with near-full 
employment. The high rate of import liberalisa- 
tion from E.P.U. countries, and the good reputa- 
tion of British manufacturers, should enable a 
widening of trade on a competitive basis in 
many fields if more were done, especially through 
personal contacts, to make known to those 
concerned details of what Britain is able to supply. 


French Automobile Production 

The production figures of the French 
motor industry for the first eleven months of this 
year are stated to be 653,850 vehicles, compared 
with 540,455 for the same period of 1954. Exports 
during November totalled 12,351 vehicles, of 
which 8341 went to foreign countries, and the 
remainder to French possessions overseas. 
During the first eleven months of 1955 French 
exports amounted to 141,635 vehicles, including 
115,376 passenger cars, as against 121,671 units 
in 1954, including 93,626 passenger cars. 


Dr. Hermann Raussendorf © 


The recent award of an honorary 
doctorate of engineering by Munich University 
to Hermann Raussendorf recalls the invention 
fifty years ago of the modern straw press, which is 
one of many contributions Dr. Raussendorf 
has made to agricultural engineering. He subse- 
quently improved his design by incorporating an 
oscillating piston moving in a circular arc, 
which by its inertia assisted in the action of the 
press and reduced the power required. In 1922 
he pioneered the use of angle-pressed and elec- 
trically welded light sheet steel, not only for the 
main frame but also for such parts as piston and 
connecting-rods, both in his straw press and 
later in his all-steel threshing machines. His 
association in 1930 with Massey-Harris in Lille 
continued until.the outbreak of war and was 
resumed in 1950, when his mounted straw press 
was incorporated in the self-propelled combine. 
Dr. Raussendorf, although now retired from 
active management, continues as a member of 
the board of the German Massey-Harris- 
Ferguson Company. 
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Industrial and Labour Notes 


Overseas Trade 


The Board of Trade report on exports and 
imports in November shows that the value of 
exports of United Kingdom goods was 
£262,200,000. This was £5,500,000 below the 
October figure, but was none the less a total 
which has only been exceeded twice before. The 
value of imports was £341,500,000, which was 
£8,100,000 higher than in October, and the value 
of re-exports in November was £10,000,000. The 
visible trade deficit was thus £69,200,000 in 
November, which was a little below the average 
for the preceding ten months of this year. The 
Board of Trade says that, in the first eleven 
months of this year the total value of imports, 
at £3,352,000, was 16 per cent higher than in the 
comparable period of 1954 ; approximately one- 
fifth of the increase is accounted for by higher 
prices and four-fifths by a rise in volume. 


Surveying the commodity pattern of trade, 
the Board of Trade states that exports of engineer- 
ing products in November were valued at just 
under £98,000,000, or £3,500,000 less than in 
October. Nearly half of this decrease was 
accounted for by lower exports of ships and 
boats, which tend to vary a good deal from 
month to month and had been high in October. 
Of the remainder of the fall, about £1,500,000 
related to machinery other than electric and 
nearly £1,000,000 to road vehicles and 
aircraft. Exports of machinery other than 
electric were valued at £40,000,000 in November. 
One item, the Board reports, which showed a 
striking increase between October and November 
was aircraft engines, the exports of which, 
valued at nearly £2,500,000 in November, were 
nearly £1,000,000 greater than in the preceding 
month and about £500,000 above the monthly 
average for the first ten months of the year. 
Exports of road vehicles and aircraft were valued 
at over £29,000,000 in November. Shipments of 
cars and chassis and commercial vehicles were 
all lower than in October. In contrast to the 
reductions in various of the engineering cate- 
gories, however, exports of electrical machinery 
and apparatus again increased in November. 
Their value was £18,000,000, or about £500,000 
more than in October. 


About imports, the Board of Trade reports 
that the heavy increases in the manufactured 
goods divisions in the two months October and 
November compared with the last quarter of 
1954, were chiefly in metals. Imports of iron and 
steel, for example, averaging £10,500,000 a 
month, were five times as much as in the final 
quarter of 1954. Ingots, blooms, billets and slabs 
accounted for £1,500,000 a month of the increase, 
and pig iron and black sheet each for an equiva- 
lent amount. Imports of non-ferrous base metals 
rose by 23 per cent between the two periods, the 
average monthly value for October and Novem- 
ber being £19,500,000. About fuels, it is stated 
that coal imports amounted to £6,500,000 a 
month in October and November, compared 
with a monthly average of £2,700,000 in the 
fourth quarter of 1954. Arrivals of petroleum 
and petroleum products were 13 per cent more 
this year at a value of nearly £28,000,000 a 
month. 


Coal Output 


In the week preceding the Christmas holiday, 
coal production in Great Britain amounted to 
4,936,100 tons, which included 4,740,800 tons 
from the deep mines and 195,300 tons from 
opencast workings. The National Coal Board 
has pointed out that the output of deep-mined 
coal in that week (ended December 17th) was 
2000 tons higher than in the comparable “ bull ” 
week of 1954, despite the fact that there are 
now 4900 fewer men in the industry, and despite 
a production loss of about 60,000 tons in North- 
umberland and Durham owing to an electricity 
supply failure. The East Midlands division 
achieved an output of 1,049,000 tons in the week, 
which, the Coal Board says, was the highest weekly 
output in any division since nationalisation. 


In the first fifty weeks of the year, the total coal 
production was 214,735,700 tons, compared with 
217,158,800 tons in the corresponding period of 
1954. Up till December 17th, deep-mined output 
was about 3,700,000 tons down on last year, but 
opencast output was 1,300,000 tons higher. 
Distributed coal stocks on December 10th 
totalled 19,669,000 tons, or nearly 3,000,000 tons 
more than a year earlier. Imports of coal this 
year, however, up to December 10th, amounted 
to 10,988,000 tons, against 2,640,100 tons in the 
comparable period of last year. The number of 
wage earners on colliery books on December 10th 
= 699,800, compared with 704,700 a year 
earlier. 


Port Mechanisation 


Last week in Parliament the Minister of Trans- 
port was asked whether he was satisfied that the 
rate of mechanisation in handling cargoes in 
British ports was keeping pace with that in 
Continental ports. The Joint Parliamentary 
Secretary to the Ministry of Transport, Mr. 
Hugh Molson, replied. He said that the pace 
of mechanisation must depend on the local 
conditions, which varied from port to port, and 
no absolute comparison could be made between 
United Kingdom and Continental ports. He 
thought, however, that the United Kingdom 
ports had made some progress, especially in the 
handling of bulk cargoes. Subsequently, the 
Parliamentary Secretary referred to the fact that 
the Ports Efficiency Committee, in its report 
in 1952, said that mechanisation had been dis- 
appointingly slow in ports. The committee, 
Mr. Molson added, referred to the need for 
employers to be certain that mechanical equip- 
ment would be fully used, and for port employees 
to appreciate that, despite possible individual 
redundancy, mechanisation would be to the 
ultimate advantage of labour and of the whole 
country. 


Employment of Older Men 


The Nuffield Foundation has published a 
report entitled Ageing in Industry, which has 
been prepared by F. Le Gros Clark and Agnes C. 
Dunne. The authors have set out to deter- 
mine, as far as possible, what numbers of 
workers are physically able to continue in their 
various occupations beyond their mid sixties. 
The greater part of the report consists of a 
detailed survey of thirty-two selected occupa- 
tions, including such occupations as coal- 
mining, foundry work, welding, structural 
engineering, watch and clockmaking, public 
transport, dock work and lighterage. It is 
pointed out that a necessary assumption through- 
out the inquiry has been that a high demand for 
labour will persist and that employers will show 
a steadily increasing appreciation of the capa- 
bilities of the ageing. 

The conclusion reached in the report is that a 
great many men in manual occupations move to 
lighter jobs with advancing age. It is estimated 
that around their mid sixties possibly some 40,000 
men need each year to be provided with alter- 
native work if they are not to be compelled by 
their age to retire out of hand. It is pointed out 
that a retiring age may occasionally have to be 
established in an industry, but the conclusion set 
out in the report is that “in many jobs the 
critical. age comes somewhere over the mid 
sixties.” The suggestion is made that some of the 
more highly mechanised industries may have 
found it desirable to adopt superannuation 
schemes for their manual workers, partly because 
it seemed necessary to retire their ageing 
employees at a rather earlier age than was 
formerly the custom. But in any case, the report 
comments, the survey of occupations makes it 
clear that for elderly men the precise degree of 
the “load” or speed or responsibility of their 
various jobs is usually the deciding factor. 


The report does not in any sense express the 
wish ‘that elderly men should be compelled to 


continue at work beyond a reasonable age, 
though it does emphasise that those who have a 
personal desire to remain in employment should 
be given every opportunity to do so. This, the 
authors say, will probably turn out to be the 
country’s main difficulty. It is thought that 
about 10 per cent of men in their mid sixties may 
already be in a condition of chronic ill-health and 
thus incapable of further employment except in 
the lightest of jobs, but a further 20 per cent, it is 
believed, will have had to leave their normal 
work, simply through age, while still in tolerably 
good health. These last are the men who would 
have to be found alternative jobs suited to their 
age. The report goes on to say that “‘ appeals to 
industry are not sufficient, because most indus- 
tries are not flexible enough to absorb more than 
a small proportion of their own human wastage.” 
After surveying some of the light jobs usually 
reckoned to be appropriate for older men, the 
report adds “it is difficult to imagine how the 
increasing numbers of ageing workers that will 
need such jobs are to be provided with suitable 
occupations unless through various social 
agencies established for the purpose.” The 
Nuffield Foundation is, on the whole, optimistic 
about the matter. In a foreword to the report, 
the director says, “it may well be that new 
methods of production, new sources of power 
and fresh ways of industrial thinking will produce 
solutions for many of the expected difficulties 
even before they fully arise.” 


National Fuel Economy Campaign 


In a written Parliamentary reply, just before 
he relinquished the office of Minister of Fuel 
and Power, Mr. Geoffrey Lloyd said there had 
been a remarkable resurgence of effort through- 
out industry to seek ways and means of economis- 
ing further in the use of coal. Since the launching 
of the economy campaign on November Ist, 
the Minister explained, the National Industrial 
Fuel Efficiency Service received some 
thousands of new applications from businesses 
of all kinds for technical advice and assistance, 
and the Regional Boards for Industry were now 
making personal approaches to the managements 


‘of nearly 20,000 firms. Each month, the Minister 


added, more firms were turning from coal to 
oil, and inland fuel oil consumption had already 
risen by 21 per cent this year. All this had 
confirmed the evidence that industry was making 
determined efforts to save at least 2,000,000 
tons of coal this winter. But, the Minister’s 
reply stated, further substantial economies could 
be achieved in addition to the immediate target. 
As every ton of coal saved would reduce the 
need for coal imports, there was no doubt that 
the campaign for industrial coal economy must 
be sustained beyond the present winter as part 
of the national fuel policy for the future. 


Prices and Costs 


In a statement accompanying the annual 
report of Raleigh Industries, Ltd., the chairman, 
Mr. George Wilson, says there is, regrettably, no 
indication that costs have yet reached their 
peak, and that, under these conditions, with the 
best will in the world, there is a limit to which a 
policy of price stabilisation can be taken. Quite 
the most disturbing feature of the engineering 
industry to-day, the statement continues, are 
the continued and persistent demands for wage 
increases which “‘ now come round as surely as 
the seasons,” bringing in their train not only 
additional labour costs but inevitably increased 
material costs as well. Increased profits in the 
engineering industry, Mr. Wilson comments, 
have usually been pleaded as the justification for 
these claims. While it is undoubtedly true that 
engineering profits have increased considerably 
since the war, it must be recognised by everyone 
that by far the largest proportion of the profits 
cannot be made available to shareholders but 
must be ploughed back into the business for the 
purpose of expansion and rehabilitation of build- 
ings, plant and machinery. 
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National Metal Congress and 
Exposition 


BY OUR AMERICAN EDITOR 
No. I1]—(Concluded from page 921, December 23rd) 


M UCH interest was caused by the demonstra- 
tion at the stand of the Lincoln Electric 
Company, Cleveland, Ohio, of the “ Idealarc ’’ 
dual-control welding set, which offers a single, 
compact power source for both a.c. and d.c arc 
welding. The set is equipped with a polarity 
switch to facilitate selection of a.c., d.c., negative 
or d.c. positive current. Such an appropriate 
selection gives the operator maximum perfor- 
mance from every electrode, in every position. 
There is no loss of speed of performance, and 
currents no longer need to be cut back because 
of “arc blow.’”’ The set is supplied with an 

“ arc boostef ” for hot starting or for cold start- 
ing. In hot starting, with the arc-booster “ on,” 
the arc is started by an extra burst of welding 
current that blasts the end of the electrode every 
time the electrode touches the work. Once the 
arc is going, the welding current automatically 
returns to the amount set for the job. The extra 
current ensures full penetration at once and 
eliminates electrode sticking. In cold starting, 
the arc-booster is turned off to minimise burn- 
through when welding thin metal. 

In setting up for a particular welding job, it is 
first decided whether to use a.c. or d.c. Next 
the operator chooses the soft arc or the forceful 
arc. The soft arc characteristics are produced 
by a volt-ampere curve of steep slope as indicated 
by the WN position in the accompanying 
graph. The welding current remains fairly con- 


Volts 





Amperes 


Fig. —o characteristics of Lincoln ‘‘ Ideal- 
” ac. and d.c. arc welding set 


stant as the arc length is increased or decreased. 
With the soft arc, metal is transferred from the 
electrode to the work with the least amount of 
spatter. Forceful arc characteristics are achieved 
by a flatter volt-ampere curve as indicated by the 
S position in the graph. The short-circuit cur- 
rent is considerably higher than the normal 
welding current, thus preventing the electrode 
from sticking. This means that the electrode 
can be “ crowded ” to obtain greater penetration 
or be dragged without sticking. 

Once set, the current output of the set remains 
constant. The welding current does not drop 
as the machine heats up to operating tempera- 
ture. Furthermore, the current remains fixed 
due to friction brakes holding the current control 
reactor in position. The holding mechanism 
is independent of the adjusting mechanism to 
prevent creeping of the current control. The 
d.c. welding current is supplied by heavy-duty 
rectifiers designed for operation at 60 per cent 
duty cycle at rated loads. Several d.c. rectifier 
packages are available for each size of set. 
“TIdealarc ’’ sets can be supplied with the d.c. 
package already installed or the d.c. package 
can be added at any future date. The packages 
can also be interchanged if future needs call 
for heavier d.c. currents. The machine is made in 
basic a.c. current sizes of 300A, 400A and 500A. 


Consumable-electrode gas-shielded arc welding 
with the new “Fillerarc”’ (Fig. 10)automaticequip- 
ment was demonstrated by The General Electric 
Company, Schenectady, New York. This process 
involves maintaining an arc between the work 
and a bare wire mechanically fed through 
a torch. The melting electrode provides filler 
metal, and gas, such as argon, or carbon dioxide, 
flows out of the torch around the arc to form a 
protective shield. This process has made possible 
the high speed, high quality welding of aluminium 
copper, nickel, mild steel, stainless steel and other 
metals. While previously applications on mild 
steel had been limited due to the cost of the inert 
gas used for shielding, it has now been found that 
mild steel welding with low-cost carbon dioxide 
gas is economical. The successful applications 
of carbon dioxide shielding for mild steel welding 
require certain arc characteristics which the 
“ Fillerarc ’’ equipment is designed to provide. 
Arc length is very critical and must always be 
constant and accurately controlled. The wire 
feed speed must also be constant with no varia- 
tion due to line voltage changes or welder heating. 
The use of very high wire feed speeds with ex- 
tremely short arc lengths produces a deeply 
penetrating arc and eliminates most of the spatter. 
It also causes violent agitation’in the weld puddle, 
allowing porosity-forming gas to escape from the 
weld. Thus, higher quality mild steel welds 
are possible with CO, than with inert gas. 
The “ Fillerarc’’? generator has a rising volt- 
ampere curve which matches the requirements 
of the CO, arc. A constant arc length is produced 
and that arc length is maintained with any change 
in wire speed. 

The heart of the automatic welding equipment 
is the combined operator’s station and control 
panel, which houses all controls and meters 
necessary for the welding operation. Stop and 





Fig. 10—General Electric ‘‘ Fillerarc ’? consumable- 
electrode gas-shielded automatic arc welding head 
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start buttons, a wire-speed control, a wire 
threading switch, a 50V voltmeter, and a 500A 
ammeter are conveniently mounted on the cover. 
A vernier calibration on the wire speed dial allow 
precise adjustment in increments of lin per 
minute. The top wire speed is 1000in per minute. 
The wire feeder consists of a totally enclosed, 
dust-proof motor driving a pair of feed rolls. 
The feed rolls are mounted on a face plate which 
also provides connections for wire guide tubes 
and the torch. The wire feeder may be mounted 
in any position by means of two plummer blocks 
which accommodate a 14in diameter rod. At 
present two models are available. One feeds 
0-062in to 0-125in diameter wires at speeds up 
to 600in per minute. The other one feeds 0-020in 
to 0-078in diameter wires at speeds up to 1000in 
per minute. 

The “ Fillerarc ”’ generator provides a suitable 
power source for consumable-electrode, gas- 
shielded welding. Since constant arc length, 
not constant voltage, is required in this process, 
the generator provides a rising volt-ampere 
curve which matches the arc characteristic of 
carbon dioxide or inert gas. With this charac- 
teristic, the electrode burn-off rate always matches 
wire speed, and arc length remains constant— 
even with changes in wire s 

The operation of the “ Fillerarc”’ automatic 
equipment is simple. After the water and gas 
controls are properly adjusted only two settings 
are necessary. The arc length is chosen at the 
generator, and the wire speed is set at the control 
panel. To start welding the “start ’’ button is 
depressed and held momentarily. This closes the 
gas solenoid to purge the gas lines and also closes 
a safety contactor, connecting the torch to the 
welding set. When the “start” button is 
released, the electrode feeds, the arc is struck 
automatically, and the travel mechanism is 
started. On depressing the “stop ’’ button gas 
and wire feeding stop, the safety comtectar opens, 
and the arc is extinguished. 

The Air Reduction Company, New York, has 
now developed an arc cutting process for 
aluminium plates, using its standard “ Air- 
comatic’’ consumable-electrode inert-gas- 
shielded arc welding equipment, and cutting 
demonstrations were given at the Metal Show. 
The unit can cut aluminium thicknesses from 
lin down to thin sections, maintain cutting speeds 
up to 225in per minute, and cut circles, bevels 
and contours, in addition to straight lines. By 
using standard “ Aircomatic” welding equip- 
ment the aluminium plate can be cut in straight 
or curved shapes, either manually or semi- 
automatically. The cutting operation is a simple 
one and requires no special operator techniques. 
The ability to cut using the same equipment 
under conditions similar to those used in welding 
is made possible by increasing the current and 
wire feed speeds. Best results in cutting with the 
new process have been obtained using d.c. 
reverse polarity, argon shielding and */,,in 
diameter steel wire. The cut is made by 
bringing the electrode in contact with the plate, 
which produces a cutting arc between the edge of 
the electrode and the leading edge of the work. 
When current, wire feed speed and travel speed 
are correctly adjusted the steel wire melts in a 
tapered fashion with the point extending through 
the full thickness of the aluminium and pro- 
truding slightly from the underside of the plate. 

An interesting application of reinforced plastic 
in the field of machine tools was exhibited by the 
Bakelite Company, New York. The Gisholt 
vertical automatic lathe shown in Fig. 11 is 


” 


- equipped with a lightweight housing made of 


reinforced plastics. The fabrication of machine 
tool housings is based on the use of plastics 
throughout the production cycle. The pro- 
duction moulds and fixtures are made with 
epoxy compounds utilising Bakelite epoxy 
tooling resins. Polyester resins, combined with 
glass fibres to obtain strong, lightweight rein- 
forced plastic structures, are also employed in 
this work. An average housing for a machine 
tool, weighing 10 Ib in reinforced plastics, would 
weigh as much as 801b to 100Ib in cast iron 
because of the thicker wall section needed to pour 
the metal casting. Estimates drawn from pro- 
duction experience indicate that housings made 
of reinforced plastics cost 20 to 40 per 
cent less to produce by this method 
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Fig. 11—Gisholt vertical automatic lathe equipped with reinforced plastics 


than sheet steel or cast steel housings, 20 to 35 
per cent léss than cast iron, and 30 to 35 per cent 
less than cast aluminium. Less machining time, 
labour, and cost are required for the reinforced 
plastic housing because it comes from the mould 
with a finished surface ready to be trimmed and 
sent to storage. The epoxy and polyester resins 
used have good electrical characteristics and mech- 
anical strength, and resist acids, grease, oils, 
moisture and most chemicals used by the machine 
tool industry. The reinforced plastics housings 
are self-extinguishing, do not warp or change 
their shape under most weather conditions, and 
they resist the abrasion of flying chips or shavings. 

A rahge of “ PIP” push-insert fasteners was 
shown by the Heli-Coil Corporation, Danbury, 
Connecticut. Until the development of the push 
insert it had always been necessary to tap 


Vibration lsolator 
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internal threads in a 
hole to receive a thread- 
ed screw, bolt or bush- 
ing. Now the push 
insert is pushed into a 
straight-sided, plain hole 
to provide strong, wear- 
resistant female threads 
in non-structural parts 
at a cost of less than | 
cent per hole. | The hole 
can be drilled or cored 
into a die casting. For 
quantities of up to 1200 
inserts per hour the tool- 
ing required consists 
merely of a mandrel. 
’ The mandrel may be 
used in any device with 
a suitable stroke for 
pushing the insert into 
the hole, such as a drill 
press, a kick press, an 
arbor press or an air 
piston, and rotation is 
not required. Like the 
firm’s standard wire 
thread insert from which 
it has evolved, the 
“PIP” insert is manu- 
factured from wire coiled 
into a helix. However, 
the new insert differs 
from the standard insert 
in three ways: (1) it is 
tightly wound ; (2) ad- 
jacent coils arein contact 
and (3) no driving tang 
is needed; because the 
insert is merely pushed 
into the hole. Whereas 
the standard insert has a diamond-shaped cross- 
section, the “‘ PIP” insert has flat surfaces where 
the coils are in contact so that the axial pressure 
will not cause the coils to slip over each other. The 
internal threads are standard 60 deg. and the 
external threads are 90 deg., as shown in Fig. 13. 
When the screw is turned into the threads pro- 
vided by the insert, the external threads are 
automatically anchored in the hole by the use of 
a runout thread on the screw, which wedges the 
top coil into the parent material. In the case of 
light metals a simple staking operation, consisting 
of upsetting the metal around the hole, may be 
used as an alternative method of anchoring. 
In certain cases the insert can also be installed 
from the back to press against a _ retaining 
shoulder, made by counter boring, step drilling 
or by coring into die castings or moulded parts. 
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Much interest is being shown to-day in fatigue 
testing machines, and the “IVY-12” multiple. 
range machine exhibited by the Ivy Company 
Norwalk, Connecticut, is a good example of 
latest American practice in this field. The 
multiple-range is obtained by means of two 
dynamic test stations in the machine, one for high 
load and the other for high amplitude operation. 
The high load station on the machine has a fi|| 
12,000 Ib capacity and +?in amplitude; the 
high amplitude station has a full 14in amplitude, 
i.e. +3in, and a 6000 Ib capacity. The unit is 
composed of the following components or sub- 
assemblies : a dynamic beam with 12,000 Ib and 
6000 Ib capacity test stations, a centrifugal force 
oscillator and drive system ; a torsion bar with 
an element sensitive to static torsional deflections, 
a static beam with a screw jack actuatorand geared 
motor drive ; a cabinet of heavy welded frame 


Fig. 13—Heli-coil ‘‘ PIP ’’ push 

diamond-shaped wire coiled into a helix 
construction suspended from four vibration 
isolators ; and a separate control cabinet. The 
general arrangement of the machine is shown in 
Fig. 12. 

The dynamic beam is situated in the centre of 
the machine, and the oscillator constitutes an 
integral part of the free end of the beam. The 
static beam is on one side, and the two beams are 
elastically connected by the torsion bar. The 
two beams are pivoted through a common axis 
by two sets of cross-flexure pivots, whose axes 
coincide with that of the torsion bar. The static 
deflection or load sensing element U is effective 
over the full length of the torsion bar, to make 
the maximum deflection. available for measure- 
ment. The 12,000lb and the 6000 Ib capacity 
stations are attached to the dynamic beam by 
means of flex plates P, and P,;. The horizontal 
axes of these flex plates coincide with that of the 
X-pivot of the beam. The two test stations are 














12,000 Ib. 
B Station 


High Amplitude 
Station 
6,000 Ib. 

+ % inches 








High Load Station 
12,000 Ib. 
+ ¥% inches 



































U 




















T 














Pie Bor 


Dynamic Beam 


Oscillator 





























Dynamic Beam 


Static Beam 








Drive for Oscillator 79” 











Za 


Z 
5 
Madcdddacdag 


ts 


LEAKE, 





A Li 


ZZ 


SECTION THROUGH 
STATIC BEAM. 


Oscillator 


a 


374 











PLAN OF INTERNAL MECHANISM. 
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Fig. 12—General arrangement of “‘ Ivy ’’ multiple-range fatigue testing machine 









' 






_Anertcan Section 


further guided by a system of horizontal flex 
plates H, which maintains the top platen of each 
a station in a perfectly horizontal position when 
deflected, thus applying a bending-free force to 
the test piece. The geometry of the dynamic beam 
and test stations clearly shows the leverage 
employed to obtain high force capacity in the 
12,000 Ib station and high amplitude capacity in 
the 6000 Ib station. 

The centrifugal force oscillator consists pri- 
marily of a shaft S and an adjustable eccentric E 
in the form of a threaded rod with a heavy end. 
The shaft S is supported on heavy duty roller 
bearings. The eccentric E is threaded through 
the shaft S at right angles to its axis of rotation, 
and its position relative to the shaft S as it is 
threaded is indicated by graduations around the 
circumference of its heavy end and on a scale L. 
The centrifugal force is produced by shaft S and 
eccentric E rotating at 1200 r.p.m. which is 
the synchronous frequency of the machine. 
The weight, weight distribution, and the threads 
of the eccentric E are designed so as to produce 
readings on scale L directly in pounds of alternat- 
ing force at the 12,000 Ib station. The eccentric 
E can be locked ia any position by tightening 
ihe thumb screw 7. The horizontal component 
of the centrifugal force thus produced by the 
oscillator is resisted by the horizontal flexplates 
of the dynamic beam X-pivot. The sinusoidal 
vertical component is transmitted to the test 


jece. 
. The Ivy fatigue testing machines operate on 
the well-known principle of inertia force com- 
pensation, employing the inertia forces of revolv- 
ing out-of-balance weights, the inertia of the 
remaining vibrating parts being eliminated from 
the specimen by a suspensory spring system whose 
natural frequency is in tune with that of the revolv- 
ing speed of the machine. The tuning is accom- 
plished by the addition of the proper weights W 
to the dynamic The alternating force 
applied to the test piece is thus automatically 
maintained constant throughout the test, without 
the need for any further calibration, adjustment 
or attention even though the elastic properties 
of the test piece may change appreciably during 
the test, and even if its static and dynamic mechan- 
ical properties are not the same. 

The oscillator is driven by a 3 h.p., 1800 r.p.m., 
synchronous a.c. motor. The motor speed is 
reduced to 1200 r.p.m., the operating frequency 
of the machine, by means of a timing belt and 
suitable pulleys. The belt drives a one-way 
clutch C, and a flywheel F. Overstressing of the 
test piece during the very fast starting of the 
motor is prevented by flywheel F which takes 
about ten seconds to reach full speed as it is 
accelerated by the torque transmitted by slip 
clutch C, on the motor shaft. The oscillator 
shaft S is then driven by the timing belt through 
one-to-one ratio pulleys. Upon fracture of the 
test piece, the one-way clutch C, prevents the 
flywheel F from driving the oscillator. This 
eliminates excessive pounding by allowing the 
oscillator to come to a quick stop. The static 
force is applied by means of the screw jack, 
driven by the geared motor. The screw jack is 
spring-loaded to a higher load than the testing 
capacity of the machine to eliminate backlash 
and chatter due to vibration loads, and thereby 
makes-it possible to use the machine for tests 
requiring any combination of static and dynamic 
forces. The static force is proportional to the 
mean torsional deflection of the torque bar. The 
sensing element U senses this deflection, and 
through the controller runs the gearmotor to 
apply and correctly maintain the static force 
throughout the test. The static force is set on a 
dial on the control cabinet. The dial is marked 
in pounds to indicate directly the static force 
applied to the test piece at the 12,000 Ib capacity 
station. 

The purpose of the bumper is to limit the travel 
of the dynamic beam to the maximum per- 
missible value. The bumper ismounted eroust 
an opening in the dynamic beam between the 
two test stations, and carries limit switches 
which are tripped the first time the bumper 
is hit. These switches stop the oscillator drive 
motor, the screw jack drive geared motor and the 
cycle counter on the control cabinet: Two 
bumper jacks provide a means of adjusting the 
bumper clearance and Coney: limit ‘the > 
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tude of the dynamic beam. The adjustment is 
made by turning handle D. This arrangement 
is useful when it is required to stop the machine 
just before the test piece is completely fractured, 
making it possible to study the fatigue fracture. 
For this purpose specially modified limit switches 
are used in conjunction with the bumper. 

The top of the heavy cabinet, in which the 
machine is housed, is machined flat and con- 
stitutes a table 7lin by 79in. T-slots on 14in 
centres in two directions provide ample fastening 
means for brackets or fixtures for the test pieces. 
This arrangement makes it convenient to design, 
assemble and use test fixtures of all kinds to 
conduct tension-compression, torsion, bending 
or combined stress fatigue tests. The machine is 
supported at its four corners on vibration 
isolators to prevent the alternating forces from 
being transmitted to the floor. As a result, the 
machine does not require a special foundation. 





Discovery of a New Atomic 
Particle—The Anti-Proton 


Tue discovery of a new atomic particle, the 
anti-proton, which may inaugurate a new era 
of nuclear research, has been announced jointly 
by the University of California and the U.S. 
Atomic Energy Commission. The anti-proton, 
which is sometimes called the negative proton, 
was created from energy generated in the great 
Bevatron particle generator at Berkeley. The 
identification of the particle in one of the classical 
experiments of nuclear physics was achieved by a 
team of physicists—Drs. Owen Chamberlain, 
Emilio Segre, Clyde Wiegand and Thomas 
Ypsilantis—with the help of Herbert Steiner and 
the co-operation of Dr. Edward J. Lofgren, the 
physicist. in charge of the Bevatron. The first 
observations of the anti-proton were made on 
September 21st, and the experiment was fully 
confirmed on October 17th. 

At present there is no known “ practical ”’ 
application of the anti-proton discovery. There 
is no known way, for example, in which the 
anti-proton could be to generate energy as 
the neutron does in fission. The anti-proton is a 
heavy particle of the same mass but of opposite 
charge from the proton, which is one of the 
fundamental particles found in all atomic 
nuclei. The existence of anti-protons has been a 
basic tenet of generally accepted atomic theory 
for a quarter of a century. Despite continuing 
experiments with cosmic rays, however, the 
particle had not been detected. The discovery 
does not modify the model of the atomic nucleus, 
but rather reinforces and solidifies current theory. 
This elimination of uncertainty about one of 
the corner-stones of nuclear theory is one of the 
most valuable aspects of the discovery. 
long lapse between the prediction of the anti- 
proton and its discovery had led many experi- 
mental physicists to doubt its existence, although 
generally no such doubt existed among the 
theoretical physicists. The anti-proton does not 
exist in the atomic nucleus, which is composed 
of only protons and neutrons. Anti-protons are 
born and “ live ’’ only outside the nucleus follow- 
ing some high energy nuclear event similar to the 
collision resulting from Bevatron bombardment. 
The main reason why anti-protons have not been 
discovered before is that they occur only at high 
energy. Until the Bevatron was cons 
nuclear bombardment of sufficient energy could 
not be made. 

The reaction is as follows: protons are 
accelerated in the Bevatron to 6200 MeV and 
are directed at a target of copper inside the 
Bevatron chamber. When the proton crashes 
into a neutron in one of the copper atoms the 
following come out of the collision: the two 
original particles (the proton. projectile and the 
struck neutron) and a new set of heavy particles 
comprising a proton and an anti-proton. In 
the collision a part of the bombarding proton 
energy is converted into mass according to 
Einstein’s theory. The particles are expected to 
be found in cosmic rays but in low abundance. 
The anti-proton is stable in a vacuum and does 
not disintegrate spontaneously. When, however, 
it comes into contact with the proton the two 
particles immediately decay into mesons and 
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disappear. Essentially, the scientists demon- 
strated the anti-proton by devising selecting 
apparatus constituting a “‘ maze ”’ through which 
only anti-protons could pass. To date the 
particles have been observed only by radiation 
counters. Efforts are now being made to obtain 
photographs of them in photo-emulsions. 





Fish Screen Construction at Tracy 
Pumping Station 

Tue U.S. Bureau of Reclamation has announced 
that a unique fish screen will soon save millions 
of young salmon, bass, shad and catfish from the 
turbulence of the large Tracy pumping plant on 
the Delta-Mendota canal in central California. 
A contract to construct the new protective 
—_ is authorised for award to Fred J. Early, 

, Company and John Delphia of San Fran- 
ane California, on that joint venture firm’s 
low bid of 988, 116 dollars. ‘The existing tempo- 
rary fish screens at the pumping station will be 
replaced by a louvre diversion that “ leads ”’ 
the fish to safety. The novel design of the new 
facilities was developed after long and intensive 
study by the Bureau of Reclamation and the 
U.S. Fish and Wildlife Service with the assistance 
of the California State Department of Fish and 
Game. 

The protective device will consist of a row of 
vertical louvres extending approximately 340ft 
diagonally across a concrete channel 83ft wide 
and 25ft deep. The minute baby fish, averaging 
an inch long, are carried tail first down the channel 
by the current, but as they approach the louvres, 
they swim to one side to avoid the disturbing 
eddies and sounds made by the slats placed at 
an angle to the current. The fish keep moving 
over until they are siphoned into a by-pass that 
carries them to a holding tank. From holding 
tanks, the young fish are to be counted and trans- 
ported by lorry over 40 to 50 miles to an area 
where they can swim safely to the sea. 

The Tracy pumping station, which draws water 
from the delta area of the San Joaquin and 
Sacramento rivers at the head of San Francisco 
Bay, lifts 4600 cusecs of irrigation water through 
197ft into the Delta-Mendota canal which carries 
it 120 miles to supply Central Valley lands. 
During periods of low flow in the river and when 
the canal is operated at capacity, the pumps will 
take all of the flow of the San Joaquin River and 
may draw half of the Sacramento River. The 
delta, with its maze of channels, is the most 
important spawning and rearing area for striped 
bass and shad on the Pacific Coast. Young 
king salmon are found in great numbers in the 
waters of the delta where they loiter on their way 
to the ocean. Catfish are an important sport 
fish taken in large numbers and spend their 
life cycle in the delta waters. Salmon, bass and 
shad are anadromous fish, i.e. they spawn in 
fresh water but spend their adult lives in the 
ocean. The young fish descend the rivers to 
the sea, carried by and following the major 
flows of water. Thus, the major diversion of the 
Delta-Mendota canal operating at full capacity 
would be nearly as great an attraction to these 
young fish as would the combined river flows 
to the ocean. Fish experts believe that the great 
pumps of the Tracy plant would kill a major 
portion of fish entering the canal, causing the 
fishery resources of California to be seriously 
damaged. 





Lightweight Experimental Train 


A LIGHTWEIGHT train has been built by the 
General Motors Electro-Motive Division for 
trial purposes. This train is made up of ten 
forty-passenger coaches which have aluminium 
bodies mounted on four-wheel underframes, and 
it is intended that these low-cost bodies shall be 
scrapped when they reach a condition calling for 
major overhaul. Two of the new coaches 
provide equivalent seating accommodation to a 
standard coach, but together they weigh about 
30 tons, as compared with the 65 tons of the 
conventional coach. The train is hauled by a 
1200 h.p. diesel-electric locomotive designed for a 
maximum speed of 102 m.p.h. 
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Personal and Business 


Appointments 


Mr. H. L. Evans has been elected chairman of the 
Lead Development Association. ; 


Mr. T. R. HARDMAN has been appointed general 
manager of Tecalemit Ltd., Plymouth. 


Mr. E. Hetior has been elected president, and Mr. 
A. W. Bell, vice-president, of the British Association 
of Machine Tool Merchants. 


Tue British THoMson-Houston Company, Ltd., 
states that Mr. F. Widnall, M.LE.E., has been 
appointed manager of its lighting fittings factory at 
Hereford. 


SAUNDERS-Roe, Ltd., announces that Mr. G. A. V. 
Tyson is handing over his duties as chief test pilot to 
the company to Mr. J. S. Booth, the present deputy 
chief test pilot. 


CLAYTON DEWANDRE ComPANY, Ltd., Titanic 
Works, Lincoln, states that Mr. S. E. Willett has been 
appointed managing director. Mr. S. J. Barnes has 
been appointed general manager. 


METROPOLITAN-VICKERS ELECTRICAL COMPANY, 
Ltd., Trafford Park, Manchester, states that Mr. 
J. N. M. Legate has been appointed assistant chief 
engineer in the industrial control department. 


ENFIELD CaBLes, Ltd., announces the appointment 
of Mr. J. Morgan Blades as resident engineer in 
Canada. Mr. W. E. Gardner has been appointed 
——s director of Enfield Cables (Australia) 
Pty., Ltd. 


D. NAPIER AND Son, Ltd., Acton, London, W.3, 
announces the appointment of Mr. G. N. Petty as 
diesel export manager. Commander G. N. Torry, 
R.N. (ret.), has joined the commercial division, 
and Mr. W. E. Hampton has been appointed aviation 
export manager. 


W. T. HENLEY’s TELEGRAPH Works COMPANY, 
Ltd., states that Mr. F. G. Wilmot has been appointed 
secretary and a director of a subsidiary company, 
Oakley Brothers, Ltd., Cradley Heath. The regis- 
tered office of the company is at 51-53, Hatton 
Garden, London, E.C.1. 


Sm Ernest Lever, chairman of Richard Thomas 
and Baldwins, Ltd., is to succeed Mr. A. G. Stewart 
as president of the British Iron and Steel Federation 
on January Ist. Sir Andrew McCance, F.R.S., 
deputy chairman of Colvilles, Lid., has been appointed 
president-elect of the Federation. 


METROPOLITAN-CAMMELL CARRIAGE AND WAGON 
Company, Ltd., Saltley, Bi , States that 
Sir Archibald J. Boyd has been appointed chairman 
in succession to Colonel J. B. Neilson, who has 
retired from the board. Colonel Neilson has also 
retired from the board of Vickers, Ltd. 


Mr. F. W. HALLIwe_, M.I. Mech.E., chairman and 
managing director of Gay’s (Hampton), Ltd., has been 
re-elected president of the Gauge and Tool Makers’ 
Association. Mr. S. J. Harley, M.I.Mech.E., chairman 
and managing director of Coventry Gauge and Tool 
Company, Ltd., has been elected deputy president of 
the Association. 


IRANIAN Ot PARTICIPANTS, Ltd., states that Mr. 
K. Scholtens has been appointed general managing 
director of the Iranian Oil Exploration and Pro- 
ducing Company and the Iranian Oil Refining Com- 
pany in Teheran. He will succeed Mr. L. E. J. 
Brouwer, who is taking up an appointment with the 
Royal Dutch-Shell Group. 


Tue MINISTRY OF SUPPLY states that Mr. J. Hanson, 
chief superintendent of the Aeroplane and Armament 
Experimental Establishment at Boscombe Down, has 
been appointed deputy chief scientific officer in the 
structures department, Royal Aircraft Establishment, 
Farnborough. His successor at Boscombe Down is 
Mr. D. E. Morris. Dr. B. G. Dickins has been 
appointed Director of Guided Weapons Research 
and Development. 


BAKELITE Ltd. states that Mr. R. Hart Still has 
been appointed a director and that Mr. A. J. Hearn 
has been appointed chief accountant. As a result of 
the reorganisation of the sales and production depart- 
ments the following new appointments have been 
announced :—Mr. A. Lloyd, production controller ; 
Mr. R. C. Mountford, works manager, Ware ; Mr. 
C. D. Philippe, thermopiastics division sales manager; 
Mr. C. A. Robb, general works manager ; Mr. A. W. 
Sherwood, sales promotion executive ; Mr. P. Smith, 
general sales manager (home sales) ; and Mr. G. J. 
Taylor, commercial relations executive. 


Business Announcements 


Tue BrusH Group, Ltd., states that the name of 
Brush Bagnall Traction, Ltd., is being changed to 
Brush Traction, Ltd. 


Quasi-Arc Ltd., Bilston, Staffs, states that it is 
now the sole licensee in this country and the Com- 
monwealth for “ Heliarc”’ welding equipment. 


Air COonTrROL INSTALLATIONS, Ltd., Ruislip, 
announces the opening of a branch office at 17, Man- 
on Street, London, W.1 (telephone, Welbeck 


TuBE INVESTMENTS, Ltd., states that agreement has 
now been reached for the acquisition of the whole of 
the issued share capital of the Power Centre Com- 
pany, Ltd., Wednesbury. 


LAWRENCE EDWARDS AND Co. (ENGINEERS), Ltd., 
has been formed to continue the business hitherto 
known as Lawrence Edwards and Co., Commercial 
Buildings, Oxford Street, Kidderminster. 


THE TELEGRAPH CONSTRUCTION AND MAINTENANCE 
Company, Ltd., states that its public relations depart- 
ment has been transferred to the new head office at 
Mercury House, Theobalds Road, London, W.C.1 
— Holborn 8711). 


NITED Dominions Trust, Ltd., states that the 
anal of its Nottingham office has been changed to 
1-2, St. Peter’s Church Walk, Nottingham (telephone, 
Nottingham 53247), and that its Gloucester office 
is now at 1, Bell Lane, Gloucester (telephone, 
Gloucester 20338). 


Pye, Ltd., Cambridge, announces an agreement 
with Electro-Technical Labs., Inc., Houston, Texas, 
under the terms of which a new company entitled 
Seismic Instruments, Ltd., is being formed jointly. 
W. G. Pye and Co., Ltd., is to provide facilities for 
the new company to manufacture seismic detectors 
and other apparatus for use in oil and mineral pro- 


specting. 
Contract 


Tue ENGLISH ELECTRIC ComPANY, Ltd., has 
received a repeat order for a water-turbine-driven 
alternator from the Aluminium Company of Canada 
for its underground power station at Kemano, 
British Columbia. The value of the order is given as 
856,000 dollars. 


Miscellanea 


CENTENARY.—This year the firm of Smedley 
Brothers, Ltd., Eagle Iron Works, Belper, Derby- 
shire, has reached its centenary. This ironfounding 
and engineering business was started by three 
brothers, Alfred, James and Frederick Smedley in 
Becksitch Lane, Belper. The business became a 
limited company in 1893, and it is of interest to learn 
that throughout its existence every member of the 
omy et every director and every shareholder has 
borne the family name of Smedley. 


OsrruarRy.—We have learned with regret of the 
death, which occurred on December 9th, of Mr. E. F. 
Foster, a senior sales representative of George Kent, 
Ltd., Luton. Mr. Foster had spent more than forty 
years in the company’s service. We also note with 
regret the death, on December 4th, of Mr. A. Mycoe, 
manager of the traffic department of Metropolitan- 
Vickers Electrical Company, Ltd., Trafford Park, 
Manchester. Mr. Mycoe joined Metropolitan- 
Vickers in 1907, and had been traffic manager since 
1920. 


EFFICIENCY AND PROGRESS IN INFORMATION SERVICE. 
—Aslib has announced that it is arranging an 
advanced course on “ Efficiency and Progress in 
Information Service.” It will be held from Wednesday 
afternoon, February 15th next, to Saturday afternoon, 
February 18th, at the French Institute, Queensberry 
Place, London, S.W.7. The lectures to be included in 
this course are being designed for information 
officers and special librarians who have had at least 
three years’ experience. The fee for the course is 
£5 5s.; particulars of it can be obtained from Aslib, 
4, Palace Gate, London, W 


Pitot PLANT FOR CHEMICAL PROCESSES.—A new 
pilot plant to replace the work previously carried out 
at its Dagenham laboratories has been built by W. J. 
Fraser and Co., Ltd., at Harold Hill, Romford, 
Essex, for pilot scale investigations. The plant 
building is designed for research into various chemical 

processes, including high-temperature vapour and 
liquid phase heating, high vacuum distillation and 
evaporation problems. It consists of a main building, 
36ft by 20ft by 35ft high, and there are various 


ancillary buildings, such as the experimental labora- 
tory, entrance hall, boiler-house and stores. The 
exterior of the main building is protected with an 
“ Epikote”’ resin-based paint, which was chosen 
because of its qualities of adhesion, toughness and 
resistance to chemicals. The building has been 
designed to permit the maximum flexibility of service 
and the complete changing of plant to meet particular 
problems and needs. 


Pumps FoR Fue Or BurNeER SERVICE.—Mirrlees 
(Engineers), Ltd., Hillington, Glasgow, S.W.2, has 
introduced a range of motorised “ Imo ” screw pumps 
suited to fuel oil burner service duty, where pressures 
of up to 300 Ib per square inch are required. In this 
new equipment a combination of four pump sizes and 
two mounting frames give a choice of eight pump 
capacities from 120Ib to 43001b per hour. These 
pumps are self-priming and can handle any grade of 
fuel oil from diesel and gas oil to the heaviest grade 
of bunker “C” without modification. The new 
motorised units widen the range of “Imo” pumps 
available to capacities up to 200,000 lb per hour and 
pressures up to 1000 Ib per square inch. 


INTERNATIONAL LIGHT METALS CONVENTION.—It is 
announced that the third International Light Metals 
Convention will be held at the Montanistische 
Hochschule at Leoben, Austria, from June 7th to 9th 
next year. As with the earlier conventions in 1934 
and 1948, a survey will be given on the present state 
of the light metals development. Lectures will be 
given by leading experts from Europe, Canada and 
the U.S.A., and will cover the following fields :— 
Light metals in the national and world economy 
metallurgy of the light metals ; technology of light 
metals ; metallography and physics of the light 
metals, ‘and development of the light metals. Informa- 
tion may be obtained from the committee of the 
Third International Light Metals Convention, 
Leoben/Stmk., Austria, Montanistische Hochschule, 
Institut fiir Metallkunde. 


Work Stupy Fitms.—Three films on work study, 
which have been produced by the British Pro- 
ductivity Council, form the first of a series of films 
covering all aspects of the subject and its application. 
These three films, “Introducing Work Study,” 
“* The Whole Works,” and “ All Over the Shop,” are 
not intended to teach work study, but to interest 
people in the subject by demonstrating some of the 
ways it can improve productivity and remove some 
of the erroneous preconceptions that exist. The 
first film stresses the importance of work study and its 
universal applicability in all branches of industry, 
transport, agriculture, &c. ‘“‘ The Whole Works ” 
shows how work study can be applied beneficially 
at any level from the individual work bench to a vinele 
factory. ‘“* All Over the Shop” gives iculars of 
some actual cases where the application of work 
study has been applied with successful results. 


PEACEFUL Uses oF ATOMIC ENERGY.—The United 
Kingdom Atomic Energy Authority has announced 
that discussion between the United Kingdom Atomic 
Energy Authority and the Indian Department of 
Atomic Energy has led to an agreement which 
ensures that there shall be close co-operation and 
mutual assistance between the Authority and the 
Department in the promotion and development of the 
peaceful uses of atomic energy. The agreement pro- 
vides for the Authority and the Department to pect aca 
for members of their staffs to consult and work 
together on mutually agreed topics. In furtherance 
of this agreement the United Kingdom Atomic Energy 
Authority will provide the Indian Department of 
Atomic Energy with enriched uranium fuel elements 
for a swimming pool reactor now under construction 
at Bombay. The t also includes arrange- 
ments for the Authority to assist in the design and 
construction of a high flux research reactor which 
may be built at a later date. 


CORROSION-RESISTANT COMPOUND.—A new corro- 
sion-resistant compound in the form of a fibre- 
reinforced plastic material has been produced by 
V.G. (London), Ltd., 5-6, Newman Passage, Oxford 
Street, W.1. The compound, which can be applied 
by brush on metal surfaces, is claimed to be an 
effective and economical protection against the 
corrosive effects of aggressive atmospheres, sea 
water, hydrocarbon products, and a wide of 
chemical agents in both gaseous and liquid form. 
The material, which consists of a mixture of 
synthetic resin or latex with high-alumina cement 
reinforced with a tough woven fabric, is applied in 
two layers interspersed with the woven fabric to a 
thickness of fin. It is cold setting, very little pre- 
paratory treatment is required, and the complete 
coating weighs 9 lb per square yard. This V.G. com- 
pound, it is stated, is impermeable, flexible, does not 
soften at elevated temperatures, has good impact 
strength and good adhesion. 
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British Patent Specifications 


When an invention is communicated from abroad the name and 
address of the communicator are printed in italics. When an 
abridgement is not illustrated the specification is without drawings. 
The date first given is the date o, anion ; the second date, 
at the end of the abridgement, is the date of publication of the 
somplete specification, Copies of specifications may be obtained 


ut the Patent Office Sales Branch, 15, Southampton Buildings, 


hancery Lane, W.C.2, 3s. each. 


BURNERS AND SPRAYERS 


739,732. May 13, 1953.—FurEL BURNERS, Bjarne 
Hoier Schieldrop, ‘‘ Woodcot,’’ Sollershott West, 
Letchworth, Hertfordshire. : 

The invention refers to oil fuel burners having a 
central jet, surrounded by a series of jets, in which 
fuel is supplied to one and air to the others. Its 
object is to provide a buraer in which the surrounding 
jets are made adjustable, so that fuel or air flowing 


through them as well as the amount of swirl can be 
controlled and thereby the length of the flame. 
As the drawing shows, the burner A has a series of 
air jets B arranged around the central fuel jet C. 
Each of the surrounding jets has one of its side walls 
D parallel to the axis of the burner and the other 
wall E inclined to the central jet, while the two 
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circumferential walls F are coaxial to the axis of the 
burner. A flow control member G extends into each 
jet and these members are supported on an annular 
plate H mounted on a tube J around the central jet. 
This makes it possible to adjust the position of the 
control members, both axially and angularly. The 
supporting plate H is moved axially by a lever K 
and a connecting link L which engages a collar M 
mounted on the annular part of the plate. The 
lever K is mounted on the burner casing so that on 
movement of the lever the supporting plate and the 
flow control members G are moved axially to the 
burner. The plate H has a projection N which 
engages a pivoted inclined rest O, contact being 
maintained by a spring P mounted between a pro- 
jection on the supporting plate H and another on 
the casing, as shown. The inclination of the rest can 
be varied by the member R which adjusts the angular 
position of the flow control members G. The burner 
is mounted in the burner block of a combustion 
chamber of a furnace, as shown in the drawing. It 
is designed to utilise either gaseous or ptilverised fuel 
and in some cases the fuel is delivered through the 
surrounding jets and the air through the central jet.— 
November 2, 1955. 


VIBRATORS 


739,667. March 23, 1954.—UNBALANCE VIBRATORS, 
Losenhausenwerk Diisseldorfer Maschinenbau 
A.G., 19, Schliiterstrasse, Diisseldorf-Grafenberg, 
Germany. (Inventor: Karl Beierlein.) 

_ The invention relates to unbalance vibrators, 

in which the vibration-producer has an elastic 

fastening effected by means of a rubber enclosing 
member of symmetrical shape which is mounted 
concentrically with the swing shaft and is strained in 
torsion, so that no springs or spring fastening means 
are required. An endurance test has shown that such 

a rubber member meets practical requirements not- 

withstanding the quite considerable torsion strains. 

The employment of such a torsional rubber fastening 

results in a very simple, compact construction of the 

vibrator. It will be seen from the drawing that a 

plate A, with which the vibrator is secured in position, 

has a wide bearing B for a swing shaft C. The swing 
shaft can be rotated in this bearing and be clamped 
in it by screws D. The vibration-producer E mounted 
on the swing shaft in roller i consists of an 
electric motor, on the shaft of which unbalancing 
members are fitted. Mounted concentrically on each 
of the ends of the swing shaft is a rubber member F 
of symmetrical shape, consisting of a thick annular 
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disc which is vulcanised inside and outside to steel 
rings G and H respectively. i i 
is ed on the swing shaft, On the eyes of the 
bearings there are fitted pot-shaped attachments J 
in which the outer steel rings H of the rubber members 
are clamped by annular lids L. When the vibration- 
producer E, together with the pot-shaped attachments 
J, swings about the shaft which is clamped by the 
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screws D, the rubber members are strained in torsion 
and take up the inoperative force-components. 
They act exactly like the otherwise usual fastening 
springs. After loosening the clamping screws the 
swing shaft can, together with the vibration-producer 
E, be rotated relatively to the plate A, so that obliquely 
directed vibrations can be transmitted to the plate.— 
November 2, 1955. 


STEAM GENERATORS 


740,944. October 9, 1953.—THERMAL TURBINES, 
Escher Wyss Aktiengesellschaft, Hardstrasse, 
319, Zurich, Switzerland. 

The invention relates to thermal turbines, more 
especially steam turbines, which comprise an internal 
housing separated from an ¢é housing by a 
gap. The turbine illustrated in the drawing com- 
prises an external housing A, an internal housing B 
separated from it by a gap C and carrying guide 
vanes and a rotor D. The driving medium enters the 
turbine through a branch E and leaves the blading 
ata point F. From here, a part of the driving medium 
is branched off and passed through the gap C between 
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the internal and external housings. It thus acts as a 
cooling medium for the external housing. It there- 
after leaves the turbine through two branches G and 
H, arranged symmetrically in relation to the turbine 
axis. The remainder of the driving medium leaves 
the turbine through an outlet branch J. The steam 
guided through the gap C may either be employed 
for special purposes after leaving the branches G 
and H, or it may be re-admixed with that leaving the 
branch J. The driving medium passed through the 
gap is guided, as shown in the drawing, by surfaces K 
which are constructed as fins secured to the inner 
face of the external housing. These fins are shown as 
extending axially of the turbine but they may also 
extend helically. The specification also shows the 
invention applied to a turbine in which the driving 
medium is extracted after partial expansion, and a 
turbine in which the internal housing is provided only 
on the high-pressiire side.—November 23, 1955. 


739,647. February 24, 1954.—BoILERS WITH A 
‘ SECONDARY AIR SuPPLy, Hans Braamt, Vossen- 
laan 7, Vreeland a/d Vecht, The Netherlands. 

The invention, relates to a boiler provided with a 
fire bridge and,a fire and bridge support, behind which 
is a secondary air supply device. This device is 
constructed as a separate part arranged in the flue 
and mainly consists of an air-heating metal case 
externally covered with refractory material. It 
has an air inlet aperture adjacent the ashpit and 
is provided with outlet apertures at the side 
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opposite the fire bridge. Referring to the drawing, 
a boiler has at the rear end of the ash pit a fire bridge 
support A with a fire bridge B, at the rear of which 
there is a secondary air heating case C of heat-resisting 
metal, and provided with a refractory sheathing D 


| 
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on the outside. The case has at the bottom an 
air inlet opening E to which an inclined air 
supply tube F is connected, the tube passing through 
the fire bridge support and ending below the fire 
door G so that the cleaning of the ash pit is hindered 
as little as possible by it and fresh atmospheric air 
is continuously supplied to the secondary air device. 
A zigzag channel H provided above the inlet opening 
in the case extends over the whole width of the fire 
bridge, whereby a great part of the interior of the 
case is subdivided by horizontal partitions, so that a 
long path is provided for preheating the secondary 
air. Above the zigzag channel a perforated distribu- 
tion grid J is mounted within the case, the number 
and dimensions of its perforations being so arranged 
that the passage of air through the grid is uniform 
over the whole width of the fire bridge, although the 
preheated air emerges at one end. The preheated 
secondary air is collected above the distribution grid 
in the chamber, from which it flows out at the rear 
of the fire bridge into the flue, through apertures 
in the case and refractory sheathing. This air mixes 
uniformly with the combustion gases of the furnace 
and converts the carbon monoxide that is present 
into carbon dioxide. Practical tests with such a 
construction showed a fuel economy of 10-15 per 
cent.—November 2, 1955. 


MACHINE TOOLS 


740,809. June 11, 1952.—SincLteE EpGe LATHE 
Toots, Firth-Brown Tools, Ltd., Speedicut 
Works, Carlisle Street East, Sheffield. ( Inven- 
tor : Christopher Hodgson Booth.) 

The invention relates to side-cutting tools for use 
in lathes having a single cutting edge presenting 
positive rake and clearance angles to the work. It 
is an object of the invention to provide simple and 
effective means by which the tendency of such tools 
to dig-in or chatter may be better controlled. In the 
example shown in the two upper views of the drawing 





the tool A has an integral finger B which, as seen in 
the drawing, is set back from the cutting edge C 
by the permissible depth of cut and so by rubbing 
on the workpiece D ahead of the edge C limits the 
depth to which the edge may cut as the tool is advanced 
along the workpiece. The two lower views show a 
side-cutting tool E carried in a tool holder F and 
adjustable in it. The holder has a finger G, the end 
of which has a rubbing surface which engages the 
workpiece on the line of cut just ahead of the cutting 
edge and so limits the depth to which the edge may 
cut. By adjustment of the extent to which the tool 
extends from the holder, the maximum depth of cut 
may be varied. Alternatively, and for the same 
purpose, the finger may be made to be adjustable on 
the holder both lengthwise and transversely.— 
November 23, 1955. 











Launches and Trial Trips 


Vite DE DapouTi, cargo ship; built by the 
Ateliers et Chantiers de la la Seine Maritime for the 
Nouvelle Cie. Havraise Peninsulaire ; length overall 
443ft Jin, length between perpendiculars 415ft 2in, 
breadth moulded 60ft lin, depth moulded to shelter 
deck 35ft 8in, summer draught 23ft 6in, deadweight 
7000 tons; speed loaded 15-8 knots; twelve 
passengers ; five holds ; Burmeister and Wain mark 
774 V.T.F. 140, cylinder diameter 740mm, stroke 
1400mm, 5000 b.h.p. at 125r.p.m. Trial, November. 


Hese, cargo ship ; built by the Ateliers et Chantiers 
de Bretagne for the Société Navale Cuennaise ; 
length overall 296ft Ilin, length between perpen- 
diculars 277ft 3in, breadth moulded 43ft 8in, depth 
forward 23ft 8in, depth aft 26ft 3in, draught 19ft 8in, 

ight 2350 tons, service speed at 1065 tons 
deadweight 17 knots, radius of action 2600 miles ; 
eight passengers ; three holds, four 5-ton and two 
10-ton derricks, electric deck machinery, three 80kW 
diesel-driven generators ; two sets of & Semt-Pielstick, 
each of 1500 b.h.p. at 425 r.p.m., drive a single pro- 
peller at 200 r.p.m. through Vulcan couplings. Trial, 
November. 

Ice Birp, coaster; built by the Chantiers et 
Ateliers du Rhin for John T. Kyvick, Norway ; 
length overall 200ft, length between perpendiculars 
180ft, breadth moulded 35ft 8in, depth to main deck 
= in, summer draught 12ft, deadweight 860 

- -t. 1485 tons, loaded service speed 
i ns knots ; six 3-ton derricks, hydraulic winches; 
two 65kW ” diesel-driven generators ;_ one single- 
acting, four-stroke diesel engine. Trial, November. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the Time and PLACE at which the meeting is 
to be held should be clearly stated. 


ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS 


Mon., Jan. 9th.—CENTRAL LONDON BRANCH : St. Ermins Hotel, 
Caxton Street, S.W.1, Exhibition Film, 7 p. 
Branco: Great Ni cm Leeds, “ Power Cable 
Manufacture and Design,”’ Hewett, 7.30 p.m.——N.W. 
BraNcH : Century Hotel a Avenue, Wembley 
. “Power Factor Correction,”’ F. Guess, 8.15 p.m—— 
ae te BRANCH : 7.47 Victoria Station Hotel, Sheffield, 
“ Modern Tel y,.”’ C. E. Hay, 7.30 p.m. 
> » Jan. 10th. BrancH: Grand Hotel, 
Firvale Road, Bournemouth, ° SS Testing,’ S. Potter ; 
“Meters and M H. F. 8 p.m.——LUTON 
BrancH: Midland Hotel, Williamson — Luton, “ Elec- 
tronic Motor Control,”’ Ch. Coates, 8 p. 


BRITISH INSTITUTION OF RADIO ENGINEERS 


as, Jan. ho SIDE SECTION : Comm Dream, Chamber 
f Commerce, Old Ha Hall Street, Liverpool, 3, “ Electronic 
hanno I for Nuclear Power,”’ R. J. Cox, 7 p.m. 
Thurs., Jan. a ga SECTION : School of ae = 
Ti 


College ‘of cea, Sackville S 
and Television Interference,”’ M. Smith, 6.30 p.m. 

Wed., Jan. —— E. SECTION : Institution of Mining and 
Mechanica | Engineers, Neville Hall, Westgate Road, Newcastle 
upon Tyne, “ Some Interference Problems Associated with the 
Television Service,”’ J. C. Belcher. Se MIDLANDS 

SECTION : Technical College, Wulfruna Stree a 
“* Computer Control of Machine Tools,”’ H. Ogden, 7 15 p.m. 


ELECTRIC RAILWAY SOCIETY 


. Fo 4th.—Fred Tallant Hall, 153, Drummond Street, 
. N.W.1, “ Electric Railways in the Dolomites,”’ J. H. 
Paes 7. 15 p.m. 


ILLUMINATING ENGINEERING SOCIETY 


Wed., Jan. 4th.—NEWCASTLE CENTRE : Department of Electrical 
King’s Colle College, _Colleee Road, Newcastle upon 
Tyne, “ Airport Lighting,”’ Ferguson, 6.15 p.m.—— 


Swansea Group : S. Wales Electricity Board’s tion 


Theatre, The > Saeeeen, “ X-Rays in Medicine and 

In tat © oe tay 6.30 p.m 
Thurs., Jan. Sth. CENTRE : S. Wales Electricity " aeeeag§ 's 
~ "Rays in 


CenTRE : _Institu Engineers and S 
Elmbank Crescent, Guaen, Same Lighting Problems in the 
Coal Industry,”’ W. Rochester, 6.30 p.m. 


INCORPORATED PLANT ENGINEERS 


To-day, Dec. 30th.—BIRMINGHAM BraNcH: Imperial Hotel, 
Birmingham, “ Problems,”’ 7.30 p.m. 
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te, “ 


K3 : Polygon Hote Soutam- 
ton, Accountancy in Relation to t Engineer: 
ine” s 5 Cea) 7.30 p.m. 
Campbell poet, 


ve Society of Arts, 
That 


Thars., Jan. Sth.—PETERBOROUGH BRANCH : 
Bridge Street, Peterborough, “ Factory Flooring Problems,’ 


7.30 p.m. 
Mon., i 9th.—DuNDEE BRANCH : Rathore Hotel, Dundee, 
ital Services, 30 p.m. 
25, Charlotte Square, 


“CC. N, — * 
ae —EDINBURGH BRANCH 

“ Materials Handling,” i. Findlay, 7 p.m.——- 
* Club, Albert "Tate, 


Manchester, “* Power em, * 715 p.m. 


Tues., Jan. 


INSTITUTE OF BRITISH FOUNDRYMEN 


Sat., Jan. Tth—.W. RwwinG OF YORKSHIRE BRANCH : Technical 
lord, “ — Use of Refractories in th the Foundry,” 


] . BRANCH: Midland Hotel, Man- 
chester, ‘‘ Practical Simple py the Fi ” G Judd, 
7 p.m.——SHEFFIELD BRANCH lege of Technology, eae 
Street, Sheffield, 1, “‘ Dust Control in Foundries,”” C. M. Stoch, 
7.15 p.m. 

INSTITUTE OF FUEL 

Wed., Jan. 4th. —Institution of Civil epincess, Great George 
Street, London, S.W.1, “ Some Coal Research Problems and 
Their Industrial Im lications,”” R. L. oe 5.30 p.m. 

Mon., Jan. 9th.—N.E, SECTION : Lecture Theatre, 
King’s College, Newcastle upon Tyne, Four Short 

* Case 2 oped ” by the National Industrial Fuel Efficiency 


INSTITUTE OF PETROLEUM 


Tues., Jon. 10th.—26, Portiand Place, London, W.1, “ Petroleum 
Fuels for Domestic oes and Lighting, * G. F. J. Murray 
and D. F. Tomkins, 5.30 


INSTITUTE OF REFRIGERATION 


Thurs., Jan. 5th.—Institution of Mechanical En 
cage Walk, Westminster, London, S.W.1!, 
Controls,’ H. H. Egginton, 5.30 p.m. 


gineers, |, Bird- 
as Refrigeration 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 
Mon., Jan. 9th.—SCoTTisH CENTRE : Institution of Engineers and 


ilders, Elmbank Crescent, G w, “* Gas Turbines and 
ir Application to Road Transport,” A. ‘Enticknap, 7.30 p.m. 
Tut Ja es 10th.—EASTERN CENTRE: Lion Hotel, Cambridge 


Some Aspects of Vehicle Insurance and Accident t Assessment,” 
L. F. Simmons, 7 p.m.——WESTERN CENTRE: Royal Hotel, 
Bristol, “‘ The Commer ‘T.S.3’ Two-Stroke Diesel Engine,” 
E. W. Coy, 7.30 p.m.——N. REGIONAL CENTRE : Victoria and 
Station Hotel, Preston, “ Thin Wall Bearings, ”’ P. T. Holligan, 
7.30 p.m.—wW. REGIONAL Centre: Adelphi Hotel, Lime 
Street, Liverpool, “Gas Turbines and their Application to 
Road Transport,”’ A. Enticknap, 7.30 p.m. 

INSTITUTE OF ee 

Wed., Jan. . LONDON BRANCH : nm House, Portiand 
Place London, w.i, * one Brittle Fracture of Mild Steel—A 
urvey,”” 


Constance anes ———MANCHESTER 
BraANcH : Reynolds Hall, lege of Technology. Manchester, 
ca oe Years of Welding Development,’’ H. E. Lardge, 


1S p. 
mes _ 5th.—N.E. BRANCH : Mining peter. Neville Hall, 
Newcastle upon Tyne, “ Pressure Weiding,’’ R. F. Tylecote, 


Tp 
Mon. "Jen: 9th.—S.W. Radiant House, Pipe Lane, 
elding 


BRANCH : 

Forum, 7.15 p.m. 

Tues., Jan. 10th. — : The University, Liver- 
pool, * * Photoelasticity,”” W. J. Kearton, 7.15 p.m. 


INSTITUTION OF CIVIL ENGINEERS 


Tues., Jan. 3rd.—MARITIME AND WATERWAYS MEETING : 

treet, Westminster, London, S.W.1, ‘‘ Reconstruction 

of the Gallions Entrance Lock at the Royal Docks of the Port 
of London Authority,” 4 A. Fisher, 5. 30 p.m. 

Tues., Jan. 10th. ne Great George Street, 

Ww WS. wa; * Consolidation of Ballast,” 


I. G. White, 5.30 p.m. 


Great 


INSTITUTION OF ELECTRICAL ENGINEERS 


Mon., Jan. 2nd.—S. MIDLANDS CENTRE : James Watt Memorial 
Institute, Great Charles Street, Birmingham, “ oe of 


* 3 Technical Writing,”’ opened b by G. Parr, 6 p. 
he. Jan. —< MIDLANDS CENTRE: Central Electricity 
Au “The Electrical 


thority, 1, Whitehall Road, Leeds, 1, 
Industry i in the Post-War Economy II,”’ G. L. E. 


ietz, 6.30 p 

wede dS Jan. 4th_S.W. SCOTLAND SuB-CenTRE : Institution of 
and Shipbuilders, 39, -_a Crescent, Glasgow, 
“ Automatic Circuit Reclosers, *» G. F. Peirson, A. H. Pollard 

and N. Care, 7 p.m. 
say, Jan. Sth. —ORIRMARY MEETING : Soone Place, London, 
W.C. 2, “ Highland Water Power—The De elopments of the 
North ‘of Scotland Hydro-Electric Board "’ (the late T. Lawrie) 
paper to be read by an officer of the Board, 5.30 p.m. 
Fri., Jan. 6th—Jornt MeetinG : Institution of Mechanical 
ngineers, 1, Bi Walk, London, S.W.1, “ Power Station 
—_ Plant, Be We Kennedy and F. J. Hutchinson, 5.30 


PY me “Jan. 9th. — INFORMAL Meetinc : Savoy Place, London, 
W.C.2, Capron: jl a “ The Efficient Use OF Technical Per- 
by the President, 5.30 p.m. 
th.—EDUCATION CIRCLE : _Savoy Place, 
ion, WE, 0 Enginccring,Stoden < | by H. E. 
to ts,” oe 
a 6 p.m.—LOoNDON GRADUATES’ 1 STUDENTS’ 
SECTION : Public o—. Chelmsford. “An ‘Introduction to 
the Transistor,”’ A. V. Bryant, 7 p.m. 
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INSTITUTION OF ENGINEERING DESIGNERS 

Mon., Jan. 9th.—Northern Architectural Association Hal 
Newcastle Tyne, “ Lage ma | Journ 

Bearings with Film Lubrication,” A. F. Wilson. 71 
INSTITUTION OF ENGINEERS AND SHIPBUILDERS 1N 
SCOTLAND 

Tues., Jan. 10th.—39, ee Crescent, 
Handling Appliances, Me 


INSTITUTION OF HEATING AND VENTILATING 


flonaow. C2, ° 


T. Morton, 7.30 p * Cargo 


ENGINEERS 
Thurs., Jan. Sth.—BiRMINGHAM AND District tiga Exchange 
an i tre, caveemen Fines » Birmingham, 
er oe Services in the B. Hangars & London 
Airport, i, Consens Watts and J" W. é: Leste, 6 
Tues., Jan. 10th.—S.W. BRANCH : Building, Cari, 
“ Thermal Insulation. of Plant ae Fide illip FE, 


Millington, 6.30 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 
Fri., Jan. 6th. — Joust MErETING WITH THE InstrITur. r 
Biscraical INEERS: 1, Birdcage Walk, Weatminscr 
“Power Station ew Plant,’ G. F 
Ie ana F 4 oF on —_ Building, | 
lan. 9th.— : Step! n Ki 
Menon Bowenstte upon Tyne, 2, Annual General bscos, 


E " Division: 1, Bi Ww 
don, S.W.1, “ Overdrives and Their Control,” S. a Ashbe’ 
cs Technology, 


University, Sheffield, 
Kirkwood, 6.30 p.m. 
INSTITUTION OF POST OFFICE ELECTRICAL 
ENGINEERS 
Tues., Jan. ey hag ag MEETING : pestingtion of Electrical 
wae Bo London, W.C.2, “ Power Plant for 
Telecommunicat "WJ J. Marshall, 5 p- m. 
INSTITUTION OF PRODUCTION ENGINEERS 
Tues., Jan. 3rd.—OxPorD Section : Town Hall, Oxford, “ Cos: 
Accounting as an Aid to Efficient Production,’ H. J. Furness, 
Wel. in. 4th.—Wou' ty Technical College, 
Wolverhampton, “ ee a Pressings in High-Strength 
Aluminium Alloys,’’ J. tn 1S_p.m.—— 
SECTION : a Station Hi Hotel, Nottingham, Infox informal 


Discussion, 7 

Thurs., Jan. She “Sourman Section : The University, South- 
am ston, “Economic and Social Effects of Automation,” 
R. R. Williams, 7.30 p.m. 


Mon., Jan. 9th. Section : Grand Hotel, Sheffield, 
“ Health in Ini .”’ B. P. R. Hart 698 psn. — Yo. 
SHIRE Section: Hotel Metropole, Street, Leeds, |, 

* Automatic I ion — The nani of Conscious 
A. ve, 7 p.m. 


INSTITUTION OF STRUCTURAL ENGINEERS 


Wed., Jan. 4th.-LONDON GRADUATES’ AND STUDENTS’ os come : 
= ee Pee tte ee - 
Europe an ” 6.30 p.m.——N. Counties BRANCH : 
le fut, Neweasile, Paper by D. W. Cooper, 6.30 p.m. 
— LANCASHIRE 


—_ Jan. 10%: AND CHesHire BRANCH: The 
bt tga toe “ Photoelasticity,” W. J. Kearton, 
.30 p.m. 


JUNIOR INSTITUTION OF ENGINEERS 
Toda Dec. 30th.—Pepys House, it Rochester Row, London, 


1, Question and vents. 7 p.m. 
wei “Jan. 4th. ” Geet Section : James Watt Memoria! 
Institute, Great Charles Street, Birmingham, “ Josiah Wedge- 
Pi dan. Gthe_Prast Bveraea ¢ Poppe Financ it, 
lan. —_ louse, 1 ochester R. ; 
London, S.W.1, “ T.L.B. Metal Powder Decree 3" 


introduced by E. eae. and “ Please Pass the Condensate.” 
E. E. Bastick, 7 
Mon., Jan. Oth. —— AND District Section : Livesey 
Clegs Hi House, Sheffield, “ The Factory Act,’’ D. E. Jones, 
pm 


MANCHESTER ASSOCIATION OF ENGINEERS 


Fri., Jan. 6th.—Engineers’ Club, Albert yw Manchester, 
“Polythene ‘and its Uses,” A. Renfrew, 6.4 


REINFORCED CONCRETE ASSOCIATION 


Tues., Jan. 3rd.—N.W. Brancu : College of Teshaaiegy, See 
ville Street, .—r 4 * Selection on Grading of ~ 
by Various Types of Concrete Works,’’ J. D. McIntosh, 


Wed. my 4th.—N.W. BRANCH : Liverpool mobos Society . 

The Temple, 24, Dale Street, Liverpool, “ Selection and 

Grading of Aggregates for Various Types of ‘Concrete Works,”’ 
J. D. McIntosh, 6.30 p.m. 


ROYAL AERONAUTICAL SOCIETY 
Thurs., Jan. ae Propte’s Lecture: Institution o! 


Flying--Curreni Prob George Street, poe ta S.W.1, “ Test 


F it Problems and Techniques,”’ R. P. Beamont, 


3p. 
Tie. Jan. 10th.—Section Lecture: 4, Hamilton Place, London 
, “Some’Modern Structural Problems,” W.S. Hemp, 7 p.m 


ROYAL INSTITUTION OF CHARTERED SURVEYORS 


Mon., Jan. 2nd.—ORDINARY GENERAL M: 
Street, Westminster, London, S.W.1, “ 

R of Ordnance Server Mage cad Plana.” A H, Dowson 

and M. O. Collins, 5.30 p.m. 








